


AN 


ELEMENTAEY COUESE 

OF 

BOTANY, 

STECCJUEAL, I’U YSIOLOGICAl, 

AKI» 

SYSTEMATIC. 


BY 

riioFKssoR ARTHUR HENFREY, F.R.S.; L.S., &c. 

ILLUSTRATED BY UPWARDS OF FIVE HUNDRED WOODCUTS. 

SECOXD EDITIOX 

.REVISED, AXD IN PART RE-WRITTEN. 

Uy ]MAXWKLL T. masters, M.U, F.R.S., L.S., &c., 

LATK hlCCTlJKKK 0> JIOTA> V AT ST. ({KOHGK’S HOSPITAL. 



LONDON : 

JOHN VAN VOORST, PATERNOSTER ROW. 


HDC£3CLZX. 


PRINTED BY TAYLOR AND FRANCIS, 
BED LION COURT, PJ-EET STREET. 


ALERE 


FLAMMAM. 



AUTHOR’S PREFACE. 


When tho author published his ^Outlines of Structural a;jd Phjl^io- 
lop;ical Jlotaify’ ten years a^o, it was his intention to prepare a 
Hecond volume dPvoted to Systematic Tiotaiiy. Various circumstances 
edncuiTcd to prevent that plan from boiii" carried into etfect, amon^ 
the most important of whi(di whtc, lirst, the rapid advance made in 
certain departments of Structural liotauy soon after that date? which 
rcsjulon'd a recaslin.:*: of llie existinj' volume desirable, and, secondly, 
the j^radually s1reii<j;thciiiiig e.onvictfon, derived from experience in 
hjcturiiig, that tlio arrangement of the matter in the ‘Outlines^ 
was not that best adapted for the iustnietion of those for whose use 
it was intended, * , 

Notwithstanding tluit the author’s own labours have been chiefly 
in the field of Plivsiological Botany, he quite concurs with the 
opinion exjm’ssed by the distinguished authors of the ^ Flora Tndica,^ 
who believe? tli,at. disservice? is done to the cause of Botany by occu- 
pying the? attention of students in the first instance with*thc abstract 
parts of the science. The largest class of students of Bptany are 
those who luirsue tlie suhje?ct as one included in the? prescribed course^ 
of medical edueration. One? sheirt course of Le?otures is devoted to 
this science, and three months is commonly all the time allotted to 
the te?acher for laying ilie foundations and bi^ilding the superstrue-* 
turc of a knowledge of Bt)tfLny in the minds of his pupils^ vejry few 
of whom e:omc prepared even with the most rudiiifbntary acquainfr- 
anco Avith the science. To direct the attention of the stud(mt to a 
series of isobiftcd facts and abstract propositions relating to the ele- 
mentary anatomy of plants, is to cause him to charge his memory or 
his note-book with materials in which he can take but little interest, 
from his incapacity to perceive their value or applications. Some of 
the most important questions of Physiology are as yet in no very 
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advanced state, and the conflicting evidence on many of these cannot 
be properly appreciated without an extensive knowledge of plants. 

Hut if wo endeavour to seize the floating conceptions funiished hy 
common experience, and'to fix and dt‘tine them by a course of exact 
practical observation of the more accessible characters of plants 
(showing the felations of those as they occur in different divisions of 
the Yogetable Kiiigtlom), ,wc jflace tlic student in a jnjsition which 
enables him to proceed at once wiih an iiujuiry into the peouliariii^"' 
of fho plaiits he meets with, and in this way to aec]uire a fund of 
practical knowledge, which is not only absolutely re(piisite before 
entering on abstract iiuiuirios, but is especially cakflilated to secure 
his perrannent interest in the study. 

Physiology is nndoubt(*dly of the highest importance, and from 
its naflirc is that part of the Science which, w'ero it not for the 
above difficulties, would with most advantage be taught by lx*cturc.s. 
If the previous education of mt‘dical students prepared them, as it 
should, with an elementary knowlcjdgc* of the Natural Sciences, we 
should raalce Physiology the most cons]>icuous filature of a course 
of Hotany in a Medical School. In llie ineanfime we subordinate 
it to the other branches in practical teaching, and in this vrdumc 
have dealt with it in what we regard as its proper place in tlie order 
of study. 

A compendious mamuil of a science makes peculiar. demands u]>oa 
the powers* of an autlior. Originality of matter lias little place. 
The exeucisc of judgment and conscientiousness in examination t>f 
.original sources are everywhere demandiMl ; and those arc of course 
most beneficially employed when they rest upon an extensive basis 
of practical experience, ^kluch care and labour have been expended 
the preparation for, iind execution of, tlic pnjseiit volume ; and the 
author, trusts, that his experience as, a teacher may prove to have 
enabled him to produce a good "working text-hook for the student, 
from.Tjhich may bo obtained a groundwork of knowledge in all 
branches of the Science, without the, attention being diverted from 
the more striking features of the subject hy details compai:ativc]y 
unimportant. 

ARTHUR HENFRET. 

London^ June 1867. 



EDITOR’S PREFACE. 


Tn^ EditoiiR duty in superin tendinpr thc publidixtipn of this voluQie 
was cletir, though its execution has proved onerous. To revise 
the whole work, to eliminate passages wliich the progress of Bota- 
nical Science l^ul rendered obsolete, to insert new material, and 
to endeavour, as far as circumstances would allow, to render the 
book as good an ex])oncnt of the state of botany at the -present time 
as the previous edition was at the date of its publication, — such was 
the course? laid down to be followed. To this end Professor Hen- 
frey’s text has been left intact in all cases where this could be done 
w’ithoiit compromising its value. In particular those portions which 
have special interest embodying the results of the ^lamented 
author’s original researches have been carefully retained. • 

Little alteration and comparatively slight additions have been needed 
in tlic chaptei's relating to Morphology and Physiological Anatomy. 
The latter department especially was so thoroughly investigated by 
tho author that it is no matter for wonder, though assuredly it Is 
for cougr*atulatioa, that modifications, relatively unimportent, were 
all that appeared necessary in the portion of tho work devoted .to 
this subject. Professor Honfrey in his lifetime was the almost 
solitary representative in this country of Physiological Anatomy. 
<ycrtainly no Englishman has of late ycarsw earned in this special 
department so well founded e reputation, and great *ha4 been the 
loss to English science from his premature decease. 

In other sQptions the changes have necessarily been greater.* The 
systematic description of the ’Natural Orders has been condensed, 
and to sonib extent recast, especially as regards the Cryptogamia. 
In his knowledge of this latter class of plants tho aizthor was also pre- 
eminent ; hut the additions to this department of^ Botanical science 

▲ 3 
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EPITOK’S PREFACE. 


have been so g^at and so important, that considerable rcconstnic- 
tion has been necessary to bring the woSk up to the present time ; 
but here, as elsewhere, wherever it has been practicable to do so. 
Professor Henfrey’s views have boon scrupulously regarded. 

It will be seen that, in the portions relating to Systematic Botany, 
frequent reference has been made to the views of Messrs. Beiitham 
and Hooker on the affinities of the various families of plants. The 
volume of the ‘Genera Plantarum ’ already published by those 
distinguish(?d botanists, and which it is to be hoped will speedily be 
followed by the remainder, has served as a guide so fir as its limits 
have allowed. In the case of the orders not included in the abovc- 
ndmed volume, the Editor has availed himself of the ‘ Flora Austra- 
licnsis ^of Mr. Bentham, the second edition of Dr. Harvey's ‘ Genera 
of feouth-African Plants,’ edited by Dr. Hooker, ns well as of ' 
manuscript notes kindly placed ut his disposal by the latter gentle- 
man. In this manner it is hoped, that a general idi‘a of the views 
of those eminent botanists as regards the affinities of the larger 
groups of plants may be obtained. . 

Great progress has been made in matters pertaining to physiology, 
especially in Germany and France, since the publication of the 
original edition ; and hence a corresponding amount of labour has 
been bestowcyl by the Editor on those portions of the book allotted 
to the consideration of those subjects. 

The sections relating to gf^ographical and geological botany are, 
in a student’s manual, necessarily treated merely in outline ; and 
hence they have been left nearly as written by the author, with a 
few requisite additions ^d modifications. 

By means of careful condensation, Et^disposition of material, and 
difibrent typographical arrangements, a large amount of new matter 
and some additional illustrations have been added, without materially 
increasing the size of the volume. In this, as in all other matters, 
convenience of the student has been carefully considered. 


June 1870. 


M. T. M. 
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ELEMENTARY COUESE 


OP 

BOTANY. 


INTRODUCTION. 

SECT. 1. OBJECTS AND SUBDIVISIONS OF THE SCIENCR 

1. Botany is that department of Natural Science which deals 
with Plants ; a knowledge of it consists of an acquaintance with 
a body of accurately observed facts connected with the Vogetablo 
Kingdom, and with the laws which have been deduced from them 
as expressions of the order and relations in which they 
selvcs in nature. 

No attempt is here made to define h plant, so as to separate the abstract 
conception of this kind of being from that of minerals and animals ; for an 
absolute and exact definition cannot be properly comprehended without«a 
familiarity with a large portion of the matters which it is the object of 
the present treatise to teach. At the outset we must be content wiUi 
the conception of a plant Jumished by the previous experience of the 
student ; this will be enlarged and at the same time rendered clearer by 
the study of the following pages ; and after the mt)re important principles 
of physiology have been expounded, something like a satisfactpiy* defini- 
tion may be attempted. • 

2. Botany is divisible into two principal departments:— the 
History of Plgtnts^ which deals with the characteristic phenomena 
presented by the individual kinds of plants ; and PMlosophical Botany ^ 
the object of which is to ascertain the general fimts and laws whim 
may be recognized as pertaining to more or less considerable as- 
semblages of plants. 

Fhilosdphical Botany represents the pure science; and it is with;, the 
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djtertMlits o£ we have cliieil]^ to do in this work. The Natural 
jftuAt^^hich in early times constituted the whole science, 

' at the jpreseut time^ into a number of distinct branches of 

A^Xed or Practical Botany, 

8. Philosophical Botany includes the foUowinpj departments : — 

I. Morphology^ or Comparative Anatomy of plants, consisting of 
fhd study of the forms of the organs^ or physiologically diverse parts 
of plants. * • 

IT. Wementary ov Physiological Amtomy: the study of the tissues 
Aid the intimatc*htructure of the organs. * • 

With these two are conveniently associated the Terminology , or 
technical fanguage of Botany. 

III. Physiology : the study of vital phenomena, including those 
specially characteristic of plants, and also those which are common to 
the animal kingdom, as well as the consideration of the general 
&smical agents pertaining to the mineral kingdom equally with 
the tw» others. 

IV, Classification^ which is the study of the mode of placing thcb 
kinds of plants in groups and scries of groups so ns to express in 
an abstract form their mutual Mations and their degrees of perfec- 
tion in organization. This department includes the Principles of 
Descriptive Botany^ and of the Nonumlature of kinds and classes of 

plants. 

• 

As all natural science is founded on experience, the exposition of the 
laws and generalizations belonging to the foregoing depai*tments must 
necessarily be accompanied by mort» or less extended descriptions of 
matters of fact ; so thdt much of the material belonging to th(> Natural 
History of Plants, or Applied Botany, must be included nndt»r these heads. 
This is especially the case in the department of Classification, where on 
minor^[px)unds it is advisable to associate the tabular arrangement of the 
groups with a svsti'matic sketch not only of the botanical i haracters, but 
of the general history of the principal Natural Orders of plants. 

4. Applied Botany is divisible into many departments. That most 
dosely connected with Philosophical Botany is Descriptive Botany, 
which is the art of describing the species or particular kinds of 
plants in technical language^, in such a manner that they may bo 
readily recognized by botanists. Speeial works are commonly de- 
voted to this bnlheh, and very commonly those confine themselves to 
the plants of a limited area, as a particular country or even province ; 
such bboks arc called Floras, Pharmaceutical Botany treats of the 
medicinal, nutritious, or poisonous pfoperties of plants. Vegetables 
possessing such properties axe generally included under the head of 
Materia Medica, to which subject special treatise^ are also devoted. 
Agricultural, Horticultural, and Economic Botany are often treated 
as distinct subjects : the first two are founded on the application of 
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the principles of Physiological Botany ; the last on the astertained 
‘ &cts of Comparative and Elementary Anatomy^ and on the combina- 
tion of these facts with diemical and mechanical knowledge. 

None of these departments of Applied Botany receive separate treat- 
ment in this work, although incidental reference is made to them to 
indicate the application of the laws and facts of philosophical Botany 
to them. * 

5. Botanical Geography and Botanical Geology \ot Palceontology) 
are mixed studies, founded on the association of the results of pu{e 
and*applic^ Botany with those of other sciences : the first is related 
most closely to Physiological Botany, but has some p:^blem[f sui 
generis, to be solved only by independent facts and observations ; the 
second has some very interesting relations with the Scientific Classi- 
fication of planft. These two departments require a brief separate 
treatment in a text-book of Botany, as applications of the ^cienq^ 
having a peculiar philosophical interest. 

G. The characters of the principal divisions of the Vegetable 
Kingdom being morphological as well as physiological, while &ose of 
the subordinate divisions are almos^urdy morphological, the study 
of the Physiological Anatomy and tfic Physiology of Plants admits of 
being postponed in an elementary course of study, until after a 
general examination of the characters of the Classes and Orders of 
plants has been made, — an arrangement which is found very ad- 
vantageous in teaching, since it postpones the consideration 
the more abstract questions until the student has made some con- 
siderable advance in a general knowledge of Botany. 

In the present work, therefore, the different departments are 
treated of in the following order ; — 

Part 1. Mokphology, or Cohpabative Anatomy ofTlan^ts. 

„ 2. Systematic Botany. 

„ 3. Physiology, including Physiological Anatomy. 

„ 4. Ceogbaphical and Geological Botany. 


SECT. 2. GENERAL CHARACTER OF TJIE METHODS AND 
MEANS USED IN THE STUDY OF BOTANY. . . 

7. The study of the morphology of plants, to which the first Part 
of this volume is devoted, necessitates little more than a siqiplgr^a^ 
fresh plants, a penknife, and a pocket magnifying-glass of moderate 
power. Roots, stems, and leaves require no preparation ; and the 
dissection of most fiowers is a very simple operation. The majority 
of the characters .of many flowers may be observed by simply re- 
movmg successively the calyx, corolla, and stamens with a penknife, 
and by 'examining the pistil or pist^ by perpendicular and cross 
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dices. Ferpendicolar sections of entire flowers &re very instructive ; 
and horizontal sections through unopened buds, both of leaves and 
flowers, are likewise necessary for &e examination of the relative 
position of the organs, and of the vernation and estivation. When 
flowers are extremely minute, and also in the investigation of the 
structure of ovules and seeds, the simple microscope becomes almost 
a requisite. Tgiis instrument consists essentially of a stand, pro- 
vided with a moveable arm' supporting a magnifying-glass over a 
stage upon which the object is laid, so that both hands may be at 
lil>erty for its dis^ction. The stage is an open frame, upon which 
a slip of g^s rests, and the object to be examined, lying on the 
glass slip, may be illuminated by a small mirror beneath sending 
light through it, or by a condensing lens at the side bringiiig a 
bright spot of converging rays upon it. The dissehtion is effected 
affine dissecting scalpel and needles : the simplest dissecting- 
needles are &ade by forcing the heads of sewing-needles into the 
cedar sticks used for camel-hair pencils, securing them with a little 
sealing-wax. 

8. In pursuing the study of Systematic Botany, the same means 
are used, the oifly difference being that the investigation of each 
flower is carried out in detail, so as to ascertain all its characters, 
with a view to determine its special peculiarities and its relations 
to other plants. It is a very useful and improving exercise for the 
student to make a thorough analysis, and to write down in full the 
' characters of the plants he meets with, before searching in books for 
their names, and also to do the same with known plants, and then 
to compare the characters thus drawn up with those given in au- 
thentic works. 

‘ 9. Xo those who follow out Systematic Botany in detail, and wish 
to gain acquaintance with the species of plants, it becomes necessary 
to have dccess« to an Herbarium — ^that is, a collection of plants so 
dried that the specific character, at least, are preserved. In many 
cases, if the diying has been carefully effected, the generic cha- 
racters may be ascertained by soaking tho flowers in hot water, 
when they become softened and the parts separable, like tea-leaves 
after infusion. Hcrbkria furnish materials for tho comparison of 
pllants; asdt is seldom that a number of species of one genus can be 
obtained in a fresh state at one time. Persons living in the country, 
^d^studying the British plants, will find it^indispensable to form a 
ooUeotion of dried specimens. 

Plants are dried by laying them out smoothly when fresh between 
several folds of paper (either stout blotting-paper, or, stiU better, 
what is called ** Botanical paper,” made for the purpose), and sub- 
mitting them to pressure by means of weights laid on a board. The 
damp paper must be frequently replaced by dry sheets, and when 
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the plants are quite dry^ they may be fixed to half-sbeets of white 
paper, with a little thin glue, or by amply attaching them by bands 
of gummed paper, or by stitching. The best kind of paper is stout 
white cartridge, of demy size ; some prefer a stout writing-paper, 
rather smaller, of the same size as lawyer’s draft ’’-paper. Only 
one species should be placed upon one half-sheet; the name sh^^^ild 
be written on the lower left-hand comer. The half«sheets contain- 
ing the species of a genus may be placed in a sheet of the same 
paper, the jpame of the genus being written oiffcsMe, likewise at ijie 
Ion-hand bottom comer. These sheets may be xept in drawers of 
a cabinet, or tied up in bundles, between covers of stout«pastelToard. 
It is advisa]^le to poison the dried plants with a solution of corrosive 
sublimate in spirits of wine, as some of them are very liable to be 
devoured, espemally their flowers, by insects of various Hnds. Plants 
])reserved in herbaria, especially if rare or local species, should alwafs 
have the place where they have been gathered carefully noted. 

10. The study of the Elementary Anatomy and the Physiology 
• of Plants opens up a far more extensive field for the employment of 

instruments and technical manipulations. 

11 . First of all, a compound microscope is an essential. For the 
student, magnifying-powers of 1-inch, ^-inch, and |-inch are amply, 
sufficient, although the more abstruse questions require the most 
perfect and powerful instruments that can be obtained. For general 
students’ use the binocular microscope has no advantage over riie. 
ordinary instmmont. 

The tissues of plants are observed for the most part by means of 
extremely thin slices passing in various directions through the stme- 
tures. These are usually best made with a razor. Stems, pieces pf 
wood, and other firm objects, when being cut, may be hel^ in the 
finger and thumb of the left hand ; dolicate and thin stmetures, like 
leaves &c., should be placed between the two halves of a split coyk. 
or rolled round the edge of a cork, and the cork supported by stick- 
ing it in the neck of a vial or test-tube, which serves as a handle. 
Seeds and similar small •objects may be fixed, for cdicing, on a piece 
of white wax. Where it is not imperative^ to examine the tissues 
in situ, small portions may be softened by boiling in water. 

Sometimes it is useful to obtain preparations }>y macerating the 
softer tissues, either in water, or weak acids. In the case of woody 
structures recourse may be had to an operation which rc^uiPej^ja 
little care : a fragment of thq wood is to be placed in a watch-glara 
with a morsel of chlorate of potash, to which a drop or two of nitric 
acid is added by means of a glass rod, the whole being gently heated 
for a minute or two, and water being poured on to prevent complete 
Bolutiqn. The fragments macerated in any of these ways being 
placed on a slip of glass beneath the simple microscope, the ele- 
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mentary organs may be picked out with a needle or extremely fine 
camel-hair pencil, under a simple lens of ^ or ^-inch focus, and re- 
moved to a dean didc. 

The thin slices, or the fragments of macerated tissues, should bo 
laid upon a slip of glass, a drop of water added, and a thin glass 
covjr laid on. They may then be examined under the compound 
microscope. Objects of microscopic dimensions, such as minute 
Alg®, Fungi, pollen-grains, &c., require no preparation. 

JLt is very instructive to apply chemical reagents of va|*ious kinds 
to the objects lying in water upon the microscopic slide. Dilute 
sulphuric arid is often useful to coagulate protoplasmic structures, 
and to dear delicate tissues ; when this is added first, an^ afterwards 
solution of iodine, the younger cellular structures blue, while 
the older ones become deep yellow, iodine alojuc co' iirs si arch - 
gyains blue. Sugar and nitric acid colour the protoplasmic struc- 
tures red. Tliese reagents may be applied by means of dropping 
from a ^lass rod or fine tube. It is often advantageous to soak the 
sections for some hours in a solution of pure carmine in ammonia 
diluted with water. The nuclqi and cell-contents become tinged 
with the carmine, and can thus be more readily distinguished from 
.the cell- wall. More particular reference vill be made to th(^m in 
the chapters on Anatomy. Microscopic preparations of soft vegetable 
st^cturea are best preserved in glycerine or strong solution of chlo- 
ride of calcium. Some objects are advantageously mounted hi Canada 
balsam ; these must be well dried first, and, for a few days prcvbusly 
to mounting, should be soaked in spirits of turpentine. 

Those who desire to obtain minute instructions on the manipula- 
tions necessary for the study of Vegetable Anatomy, may consult 
^chachfc’s ‘ Microscope,’ translated by Currey, or the articles on these 
subjects in the * Micrographic Dictionary.’ 

In physiological investigation various pieces of philosophical appcr- 
ratus are requisite. It will suflce to notice these when their appli- 
cations are mentioned. 
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OR 

COIP-MTIVE ANATOMY 


CHAPTflR I. 

GENEIl.iL MORPHOLOGY. 

12. The functioiis of plants being comparatively simplo and, 
to sp k in genera, erms, limited to those of nutrition and repiS]; 
duction, the physiological classes of organs arc few. The immense" 
diversity which presents itself in the Yegetable Kingdom depends 
ch'ofly upon varieties in the form of organs performing similar 
functions. In addition to this, the organs of plants are displayed 
uxtemaUy, not enclosed in cavities, or surrounded by an int^^umeflt 
or shell tike that of auimab, so that the external forms of plants 
furnish a guide to tho discrimination of their mos^ ossdntial dis- 
tinctive characters. 

Sense and voluntary motion bmng absent in plants, and their organic 
life being of a diffused (^laracter, they are without the nervous system 
and the organs subservient to it, and without the connected systo of 
blood-vessels, by which, in the majority of animals, the unity and inter- 
dependence of the nutritive processes are maiutained. . Flmta coimst 
mmply of organs of aliaa^ou, di^stion, t espirati^ and remnduction, 
all composed of comparatively uni^u elementary tissues^ and supported 
by a solid framework or skeleton, which is more strikingly d^vvb^;^ 
according to the number of organs associated in one community, and 
more diverse in its mode of construction according to the variety and 
complexity of the physiological kinds of organs. 

13. Tho oi^ana of plants are not only of few physiological kinds, 
but thpir variations in form depend on secondary modifications of a 
very few frmdamentally diverse elements. The object of Yegetable 
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Morphology is to ascertain what those elements are, and to trace out 
the laws under which .they acquire the different forms which they 
present in folly developed plants. 

The methods of Morphology condst in the comparative study of the 
forms of organs throughout extensive series of plants, the study of mal- 
formations arising fium arrested or excessive growth and, 

most important of aU, the study of the progressive de vel^ment oiplants 
from their emhiyonic forms (ornanogeny) . 

J4. The plants most familiar to uninstmeted persons belong to the 
highest classes of plants, and exhibit the greatest morphological 
complexity.,. This complexity arises not from the number of the 
organs, hut from the more clearly defined limitation o^ the various 
physiological functions to the different organs, which axe thus more 
specialized, while at the same time the organs aiu, anatomically 
speaking, more intimately combined together into a connected whole, 
and the reproductive powers aro more individualized and concen- 
trated at particular centres. 

The foregoing may be comprehended by contrasting any ordinary 
Flowering plant, having? distinct blossoms and seed-bearing fruit, with a 
Fern, where the fruit is borne upon leaves generally of &e usual cha- 
racter, and again with a Sea-weM or a Lichen, in ‘which there is not 
even any distinct separation between stem and leaf-structures, and no 
leaf-buds exist. 

.«4.5. In Flowering plants we readily distinguish, in all stages of 
bfe beyond the very earliest, two distinct kinds of product of the 
growth, viz. a stem or axis, and lateral organs, of various but always 
definite kinds and forms, such as leaves &c., which aro- unfolded from 
the buds of this axis, and become what wc may call its appendages. 
In Sca-cweed&, Lichens, and Fungi, there is no really similar diver- 
sity of parts ; the axis alone is represented, always devoid of leaf- 
bu^, and ^therefore of proper appendicular organs, — ^the axis itself 
assuming most varied forms, often more or less approaching those of 
true leaves, but never exhibiting a distinct separation into two kinds 
of vegetative structure such as characterizes the higher plants. A 
distinctive name is given to that class of axes whi^ exist without 
appendicular vegetative organs. Such products as the leaf-like expan- 
sions of 'Sea-wteds, the scale-like plates or crusts of Lichens, or the 
flocculent spawn ” of Fungi, performing at once the function of stem 
ap4^o]h and leaf, represent what is technically termed a 
Flants characterized by the possession of this kind of vegeCoB!^ 
structure are called Thallophyta, and' are contrasted with all the 
higher plants exhibitmglhe ^^istence of stem and leaf, which are 
called . ^oply ta , or Oormophyta (from cormus, a stem). 

16. But {oeT Axophyta are again distinguishable into twp very 
treU-marked groups, by the chai^ters of &e reproductive organs, 
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which, moreover, connect the lower of the two groups with the 
Thallophyta. The Thallophyta and the lower Axophyta (including 
Mosses, Eems, and allied classes) are reproduced by spores^ a simple 
kind of seed, in which no embryo or momentary plwt emsts at &e 
period when it is thrown off by the parent. The higher Axophyta 
are reproduced by true seeds, which are far more highly organked 
bodies than spores, and which arc especially characteitzod by ^e pre- 
sence of an embryo, or rudimentary plant, whic^ is developed within 
them while«the seed is still contained in the parenVfruit. The latter 
division also is characterized by the possession of flowers, whil| the 
spore-bearing Axophyta are flowerless, like the Thallophyta. 

From this ^crossing of the chartu^eristics, according as we select the 
vegetative or th^ reproductive organs as the marks of our divisions, it 
becomes a matter of choice, as it were, how we shall define our principal 
groups, in drawing up a systematic plan of the Vegetable KingdcAa. Ih 
loi^ as it was supposed that the lower plants were asexual, it was more 
philosophical to select the ve^tative organs, as the most general* Now, 
however, that there is ;io douot of the existence of distinct sexual organs 
throughout all plants, it is more correct to take the reproductive struc- 
tures for the characterization of the*higher groups, since they are of 
greater physiological importance than the vegetative organs. 

17. In the following Table the primary groups are founded on the 
characters of the bodies by which plants are reproduced (seeds and 
spores). The complex organization of seeds enables us to use sul^ 
ordinate characters of the same organs for father subdivision in the 
higher class ; in the lower group, however, the simplicity or uni- 
formity of the .structure of spores only allows us to proceed one step 
in this direction, and we are forced to have recourse to characters 
derived from other sources. The mode of occurrence of the^sexuffl 
organs affords very good characters in the higher Flowerless plants ; 
but with regard to the Thallophyta, in the present sUCte of our 
knowledge, we are compelled to resort to characters of habit, which 
however, mark out tolerably well the natural subdivision of these 
plants. 

In the following Table the links placed at the rides indicate the limits 
of the groups known W the names of Phmerogimuh or Flowering Flwts, 
and or Flowerless Plants, on l^e oto hand, dnd ef 

(or uSrm^hyta), Plants Tnth stems, and JhaUaphuUf^ or PlantfT without 
opposition of stem and leaves. 


B 6 
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CORMOPHTTA or AXOPHYTA. THALLOPHYTA. 
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'VIJtTOOaaMYHJ TDEVOOMiaO 



HOfiPH(tf.OaY OF FLOWEBING PLANTS. 11 

18. By far the greater portion of the plants useful to man belong 
to the Spcrmocarpous division ; and this includes also the most conspi- 
cuous and familiar forms of vegetation. Hence it is desirable that 
the Flowering plants should occupy a principal place in an elemen- 
tary work, and, moreover, that they should be examined in the first 
instance, before the student is led into the study of the more iob- 
s(iuro and minute characters of the Cryptogamia.# But the study of 
Cryptogamous plants is indispensable to the v^etablc physiologist ; 
whiJo it forms an interesting department of the mirpholo^^ of plants, 
and must receive a certain share of our attention. It will bo found 
most convenient, however, to leave the Cryptogamia coAplctcly out 
of view in eur preliminary examination of the morphology of the 
riianerogamia, Reserving even the differential characters of the two 
great divisions until we have completed the investigation of the 
positive characters of the Flowering plants. 


CHAPTER II. 

MOIIPTIOLOGY OF THE PHANEROGAMIA. 

Sect, 1. General Observations. 

19. In any ordinary Flowering plant we readily recognize some 
of the most important characters of the organization, • Ttikiug the 
plant as a whole, wo find a stm, furnished below witli roots *to fix it 
in the ground and absorb nourishment, and clothed ^bove*witli green 
leAivcSy which arc known to be the organs of respiration and digestion. 
Taken together these constitute the system of vepetative oma^y . more 
or less complicated in their development and ari^igement m Smerent 
cases, and concerned in \he nutrition and enlargement of the indivi- 
dual plant (in the familiar sense of that term). At certain seasons 
we find, superadded to the foregoing, a system of organs constituting 
the blossom, and consisting of the repr^itctlve oiTcfans. provided for 
the production of seeds, the eggs,’^ as it were, of planfo, from which 
new independent individuals may be raised. 

20. The blossom, or injhnscenee, consists of one or more Jlm&rs, 
which, as mil he shown hereafter, are composed of various kinds of 
peculiarly modified foliar append^es, more or less blended together 
into compound organs. For our present purpose it will suffice to 
describe the general and essential characters of the parts found in 
true flowerSiP 
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21. The outer covering of complete flowers consists of a circle of 
leaf-like organs, most frequently of green colour, 
and often united together below to form a kind 
of cup ; this cup or circle of leaf-like organs is 
called the calyx, and its component parts are 
the<.s^a?«. Within the calyx of complete 
flowers wc find uno or more circles of ordinarily 
larger, but more delicate, and generally brightly 
coloured leaves ; these are likewise united to- 
gether below in many flowers ; they form col- 
lectively the corolla^ and the individual parts 
are called 

Examples of the above may be found in the 
Heartsease, the Chick weed, the Primrose, &c., 

'vAiere iSiere exist a green calyx and a coloured 
corolla. In the Tulip the outer parts of the 
flower dbnsist of six similarly coloured organs, 
resembling ordinary petals ; while in the Dock 
they are six greenish sepal-like organs. A close ... 

examination shows, however, that Doth kinds of of a”5owf^ 

organs stand in two circles of three, one within of femr circios of organs,’ 
•the other: hence many authors rej^d them as stamens, and 

representing a calyx and corolla of like structure ; 
other authors give the double circle the collective name of perianth or 
ipfrigone^ These irregularities will be treated of more at length hereafter. 

22. The calyx and coroUa have no essential share in the produc- 
tion of the seeds ; they merely surround and protect the more im- 
portant organs, either temporarily, or as entering more or less into 
the composition of the fruit. The collective term - floral wvefoyi^ is 
therefore commonly applied to the calyx and corolla taken togStEer ; 
and eithcr^one or both of these may bo absent in flowers which are 
perfectly capable of producing seeds. 

23. Within the petals are placed the or male organs of 

flowers, consisting of more or less club-shaped bodies called anth^s, 
usually supported upon thread-Uko stalks* called filaments. The 
essential character of an anther is that it contains, and ultimately 
disoharges, the •fine dust-like fertilizing globules called |>oZ2en. 

24. The centre *Df the flower is occupied by thopisZtZ or the 
female or seed-bearing parts of the flower. Pistils are formed of 
folj^or^ns oorrespondmg to sepals, petals, and stamens, and called 
earpds', but these are not always so readily distinguishable, on 
account of their varying number and degree of unions consequent 
upon their being crowded at the apex of the flower-stalk. The 
distinguishing character of a carpel is that it bears owdes or rudi- 
mentaiy seeds. 

25. As tile stamens famish ^e pollen by which the ovules are 
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rendered fertile, the two sets of organs, stamens and carpels, are con- 
sidered as essential organs o i flowers, without which the purpose of 
the whole struemre could not bo peiformod. 

In some flowers, such as those of the Il^dran^a and the Snowball-bush 
( Viburnum Ojndm')^ there is a tendency m cultivation to the abortion of 
the stamens and pistils ; so that the flowers become neuter, or totally 
barren. Ilut in many plants it is the natural conditidh for the stamens 
to occur in distinct flowers from the pistils, so that the individual flowers 
are imperfect, male or female; we have example^ of this in the plants, 
of the Cucumber family, and also in most of our native forest-trees, such 
as the Oak, Beech, Hazel, Poplar, &c., where the 8taminat% and ^dstillate 
flowers ar^ollected in separate bunches or catkins, of which the stami- 
nate fall off soon after the pollen has been discharged. 

26. The carpels, the essential organs of a female flower, present" 
themselves in two conditions in Flowering or Seed-bearing plariEs ; 
and these two conditions form the basis for the primary subdivision 
of this group. 

27. In by far the majority of flowers the carpels are folded up so 

as to form hollow cases, in the interior of which the ovules are 
enclosed. In such instances the pistil is divisible into regions, of 
which the lower hollow portion, called the ovary, is the most import 
tant ; very frequently a stalk-like process, style, is prolonged 
upward from its summit, terminating above in a more or less thick- 
ened head, called the stigma, which marks the position of an ori£ce 
loading down through the tubular style into the cavity of the ovary. 
In many cases the stigma is seated immediately upon the top of the 
ovary, without an intervening style (Poppy, Tulip). Plants bear- 
ing their ovules in such closed ovaries are called Ajt gwsperrmus^ or 
covered-seeded. • 

28. In Pines, Firs, the Tew, Juniper, and in the exolic family of 
the Cycads, the sexual organs occur in distinct floVers ; and thece 
flowers are not only devoid of proper floral envelopes, W reduced 
respectively to single stamens and single carpels, mostly collected 
into male and female esneg. The anthers of the male cones produce 
pollen., an^t&e cw^E ofThe female cones produce ovules ; but the 
carpels occur in the form of open scales, and the ovules are home, 
naked, upon the surface or the free margins of the carpels, so that 
the pollen reaches them at once, without passing through a stigma 
and style. Plants with flowers of this kind, with which ^are asso- 
ciated many peculiarities in the mode of development of the embryos, 
are called Gjymnospenwms, or naked-seeded. 

Much difference of opinion stiU exists among botanists as to the true 
nature of the female flower in Hymnosperms ; but for the present the above 
explanation will suflkse for the student 

29. The Angiospermia, comprehending the great body of the 
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riowerinfj plants, are separable into two very natural groups, which 
are plainly distinct in the mass, although many complex relations exist 
between them. Distinctive characters of the two divisions may be 
found in many parts of the organization of the majority of the 
plants ; but the roost general di^rence is that which occurs in the 
structure of the embryo contained within the seed. 

30. In one difisien we find that the seeds, with few exceptions, 

contain an embn/o in.which wo may distinguish two rudimentary 
leaves, or applied face to face, and having the terminal 

bud, or growing-point of the stem, enclosed between them. In the 
other divisioil the embiy^o presents but one cotyledon, or seed-leaf, 
more or less rolled round the bud, like a sheath. The phints of the 
►first dmsion are called Dicotyledonous, those of the second J/onoco- 

ty\^nous. 

The character of Dicotyledonous seeds may be readily examined by 
soaking i® hot water a common Bean, a Turnip-seed, and an Almond, tind by 
stripping oil the skins, the cmbiyo forming in these cases the entire seed. 
The character of IMonocotyledonous seeds may be seen by cutting in half 
(longitudinally) an Oat, wherein the embryo may be seen to lie at one 
side of the base of the seed, the great mass of which consists of mealy 
Ofidosperm ; or the little cylindrical embryo of the Cocoa-nut may be found 
imbedded in the edible substance opposite to one of the three large black 
spots at one end of the shell. The structure is still more distinct, from 
the*abscnce of endosperm, in certain water-plants, such as Potnmogetm, 
AUsma, and others. The character founded upon the embryos is not 
absolutely distinctive of these divisions, since in some cases we have em* 
brj ros without distinct cotylodons, as in the Orobanchace?e among Dico- 
tyledons, and m the Orohma^gr among Monocotyledons ; but the re- 
mmning characters of %e respective divisions are well marked in tlieso 
cases, and the Exceptions are fewer in tliis respect than in any other that 
can be selected. 

31. Dicotyledons and Monocotyledons are naturally divided from 
each other by tfie general characters of their mode of germination, 
the structure of their stems, the arrangement of the skeletons of their 
leaves, and the number of organs in the circles of the fiowers. Those 
distinctive characters may bo made clear by contrasting them in a 
Table : — 

Diootyledobs. Mobocottledobs. 

GerminaUon, — The radicle or root- The radicle never developed ; 
end of the embryo is developed the roots lateral, pushed out 

into a tap-root. (Exorrhizm.) through the base of the 

cotyledon. (Endorrhizm.) 

Stems , — ^The bundles of woody sub- The bundles of woody sub- 
stance collected ' into a closed stancoalwaysremainihgiso- 
drcle round a central pith, and lated, and ceasing to grow 
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retaining vitality on the outer 
side, by which they produce a 
new layer of wood every season 
of growth. (Exogens.) 


at the fall of the leaf with 
which they are connected. 
(Endogens, so called from a 
mistaken view of their struc- 
ture.) 


Leaves . — ^The skeleton of the leaves 
formed of repeatedly branched 
and reticulately anastomosed 
fibres {net-rihhed). 

Flowers, — SepjJs, petals, and sta- 
mens, and more rarely carpels, 
generally five or some multiple 
of five. 


The skeleton* of the leaves 
formed of a number of equal, 
simple, ^and nearly inde- 
pendent fibres, connected 
only by slendcf cross fibres 
( j^ardlleUrihbed), 

Sepals, petals, stWens, and 
carpels, generally three 
some multiple of thtee. 


It may be said that the importance of the above characters is about in 
the order in which they stand in the above Table ; but the character derived 
from the leaves is far more general iti the Dicotyledons than it is in the 
Monocotyledons, while the reverse is the case in regard to the character 
of the fiowera, which is very constant in the Monocotyledons, while the 
number four, and even three, is far &om rare in the Dicotyledons. 

82. Tho ripe seed of the Gynmospermia is very much like thaf of 
Dicotyledons ; but the leaves of the embryo are either more numerous, 
or, if but two are present, they are slit into lobes, whence these plants 
have been called Polycoi^ledonous^ 

38. The germination oi tlie sceJof all tho Spermocarpia or Flower- 
ing plants consists in the emergence of tho embryo, •more, or less 
completely, from tho seed, and in the unfolding of its rudimentary 
vegetative organs, the radicle, the cotyledonary leaf or haves, with 
the stem connecting them, and which terminates above in a little bud 
called \ko plamule*, the subsequent unfolding of the plumule rive s 
birth to the first ^e leaves, h^ro, then. W have represent^ all 
file Muds of organs of vegSation which form the first objects 
of our investigation, namely the root, the stera, and the leaf, together 
with the or cpmpoimds of rud^entarv stem a^ leaves^ which 
occur at alT *^wmg-^oInts of tte plants possessing fhe^ organs 
(Axophyta) (fig. 2). 

^ The pheDnomena of germination may be conveniently observed by sow- 
1^ ^ hm ^ ^ saucer of moist sand covered by a 
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Sect. 2. The Boot. 

34. The root may be described in general terms as the descending 
leadess portion of the.axis^ or the prolongation, downward of that 
central body the opposite extremity of which is directed upwards 
and boars the leaves and reproductive organs (fig. 2). ^ Another 
character of gerer^ although not of universal application is, that it 
is the part of the plant which penetrates into the soil, and which 
scenes at once as the lirincipal organ of attachment and of nutrition. 

Fig. 3. 


Fig. 2. 


A aeodling Dicotylftdonous plant, LHy of the Valley ( Convallaria majtiHt), 

with an ascending and a de- with a sahterraneuns creeping stem 

soending axis. and adventitious roots. 

^ i.The statement that roots descend, is subject to slight formal exceptions 
in the dUes of the lateral ramifications of* roots, and of the lateral roots 
formed hypari^tical and by pertain climbing plants, which often retain 
their ori^pnal direction, making a more or less obtuse angle with the stem 
from which they rise. These trifling exceptions are far loss noticeable 
than the deviation of the stem from its general character as the ascending 
part of the axis, since in a large numlror of perennial plants the direc- 
tion of the main stem is constantly horizontal ; stems or this kind are of 
frequent occurrence amoKg perennial herbaceous plants, and are ordinarily 
termed by gardeners “ creepingroots j ” for example, those of the Lily of 
the Valley (fig. 3), Garden Flag, Couch Grass, &c. 

85. The true root exists in a rudimentary form (as the radiole\ 
in an early stage of the existence of all^plants forming stems; 
bub the original radicle, the real inferior extremity of the axis,, is 
only developed into an actual root in the Dicotyledons; in the 
Honocotyledons, and in the stem-forming Ilowerlqss plants (such as 
the Ferns), the radicle is abortive, and elficient roots are really 
. lateral organs, comparable, in a certain way, to the leaves upon 
the ascending part of the stem, t Where the primary radicle is deve- 
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Fig. 4. 


loped, we have a true or a^l root (fig. 4) ; but the roots which are 
produced from the sides of sterns"^ termed 
adveniitious roots (fig. 3). 

The axial root may be seen well in any seed- 
ling Dicotyledonous plant, as in a young Dean 
or Turnip ; and by watching the germination of 
a few seeds of such plants, the development of 
the radicle into the axial root may be readil 
traced. The axial nature of the root is clcarl 
evident in the full-^own plants of most annual 
garden species of Dicotyledons ; and in shrubby 
and arborescent perennials of this class the axial 
root is persi^ent, growing by annual inert^ase 
into a large woody mass, proportionate to tliat 
of the ascending stem or trunk. 

The origin of adventitious roots may be ob- 
served in germinating seeds of Monocotj’ledon- 
ous plants, such as grains of Oats, Wheat, &c. ; 
but th(dr essential character may be still more 
■ •clearly distinguished in plants which fonn ad- 
ventitious roots on well-developed stems and 
bud-like stnictures. The fibrils which sprout 
from the joints of the stems of numerous creep- 
ing plants (0 round-ivy. Mint, Sand-Sedge, &c.), 
the clamping roots of Ivy-stems, the roots of an 
Onion-bulb, &c. afibrd familiar examples of adventitious roots. • 

36. * Axial roots branch, apparently by a kind of bifurcation of tt© 
growing point or points,«nd they vary to a certain ext^t in the rela- 



Boot of the Mallow {Malm 
rotundifalia). 


Fig. 6. 


tivc development of their parts. Where the branches 
are comparatively smjiU and the central axis is both 
thick and considerably elongated, the root is called 
a taio^oot (fig. 5) ; where the branches are deve- 
lopodsoThat the principal akis is lost as it were in 
its own ramifications, the root is called jihrous 
(fil?. 4). 

The branches of the root are, in the first instance, 
regularly arranged in rows one above another. 

Tlie number of rows varies in different cases ;«and 
the regularity of disposition is soon lost. 

When the tap-root exists in herbaceous plants, it 
often exhibits a more or less succulent character, and 
becomes & in the biennial Turnip, 

Carrot, BeS, £c., where inis organ is peculiarly de- 
veloped in the first season of growth, to serve as a 
reservoir of nutriment The tendency of such plants 
to exhibit this character in excess under the influ- 
ence of ^stimuli, renders them extremely valuable for 
econoniic purposes. The fibrous rootlets upon the sur- 
face of tuberous tap-roots, like the Carrot, Pamnip, &c., appear to be 



Fusiform Tap-root of 
the Carrot {Dauma 
Carota). 
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mostly true 1)ranclies. A disliuctionis made in describing tuberous roots, 
between those which arp fmform^ as in the Carrot, and those which are 
mniform, as in the Turnin: * A woody tap-root is found in many Ibrcjst 
SeesTH^I for example, in the Gale ; but here the branches share more 
extensively in the increase of size, and their direction tends more to the 
horizontal. Fibrous roots are particularly characteristic of plants growing 
in light and sandy soils ; the perennial, woody forma are especially charac- 
teristic of shrubby Dicotyledons. 

In general terms ^it may be stated that the form assumed by the roots, 
whether true or adventitious, is in dirjR^relatijm to the medium in which 
they grow and the pT.rpo8es they hav^^tp serve.^ ^ 

37 Advfntitious roots (fig. (5) IKnVjll ja 

alone occur upon Monocotyledons 
and Flowcrlcss plants, sinco their 
^radicles are never developed; they 
also necessarily the only kind 
which can occYir upon specimens of 
Dicotyledonous plants which have 
been raised, not from seeds, but from fl .fjlpTfim 

cuttings, layers, tubers, «fec. They . 
arise from thew'^e of the stem which * 

^ gives birthto them, and most readily \ | 'V ^ 

in the vicinity of buds or leaves. \ I V / / 

They take^ their origin from the v \ ^ 

cajfi bium-regiom lying beneath the ’ ' 

epiaerniisTrmJror ‘bark of the stem, TiAof SbroiuiadTcntitiouBrootBof aGrasB. 
and break their way out through this, raising up a more or less evident 
and persistent rim, termed the “ coleorhiza ” or root-sln?ath ; and when 
they decay, they leave a scar in tlie fornToT an orifice at the point where 
they emerged. These scars are obliterated by bark-structure in woody 
Dicotyledons; hut in creeping rhizomes, bulbs, &c. they are persistent. 
Adventitious roots of Dicotyledons appear to branch in the manner of 
axial roots ; buUilie branches of tlie adventitious roots of Monocotyledons 
are adventitious, and exhibit a coleorhiza. 

38. Adventitious roots arc veiy 
variable in form and consistcnco. ^ 

They may be fibrous (fig. 6), or * 

tuberous, and aro not uncommonly 
of intemediat^ character in the 
Monocotyle^f'iis, Consisting of more 
or less fleshy fibres. Either 
the fibrous or tuberous form may // 
occur exclusively in groups of ad- n ^ 
vmtitiouB roots, or such groups ^ ^ 

may contain roots or rootlets of 
both kinds. In arborescent Mono- 
cotyledons the adventitious roots . ^ 

acouireawoodTchasMtaraiidim ^ 
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Bizo ; in herbaceous Monocotyledons they ore commonly annual, or, if 
tiiherous, biennial. 

The./?6rof/« adventitious roots of Monocotyledons are fijenerally soft, 
much elongated, and little divided, like those at the base of bulbs of the 
Ilyacinth, Onion, &c. (tig. 10). A mixture of fibrous and tuberous adven- 
titious roots, forming what is called root, occurs in JF/fv/iero- 

callis, and in Itammculm Ficaria (tig. 7 J. A peculiar moiMcation of tl«s 
structiu'e is found alho in most terrcHtrial Orchids. In FUipenMa 

tlic fibrous roots exhibit tuberous thickenings at intervals, 

39. The ymingost parts of rootlets, whether bra^/'hes of axial roots 
or adventitious roots, often exhibit a coat of delicate cottony hairs, or 
Mrillcf. which are thread-like growths from the epidermis, an^ art* 
thrown off* in perennial roots when the epideimis gives place to the rind. 

Those yfftriY'* mutf be distinguished from the ultimate ramifications of 
the root itself, which are sometimes Aery fine. Their iiaturo will be ex- 
plained under the head of tlie Anatomv of Itoots. Cxainnlcs maj' btsfoundl 
m potted (lerouiums (Pelargonium)^ tleaths, &c., or in the roots of many 
Monocotyhslonous bulbous plants and Grasses growing on light soils. 

• *40. Hoots of ordinar}’ plants bury themselves in the soil ; those of 
water- jdants, usually more succulcnl^in their texture, penetrate the 
mud, os in the Water-lilies, or hang freely down in the water, as in 
Duckweed and the Water Crowfoot. A number of plants exliibit w hat 
are calked aerial roots, which ore always adventitious ; and these may 
bo either tke s^c* radic al organa of the plant, or roots dcvelo pcll high 
aho yo the ground down to reach the igo il , eg ycy may 


Fig.B. 



4^4 llSNii^g4|H*e6 (fihiaogikera), witii roots dropping down from tlie branches. 
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be converted into organs of support for a weak stem. In true para- 
iSHcal plants the ro^, nioro or loss developed, aiJi^h themselves to, 
an'd become organically blended with the roots or stems of other plants. 

The plants called emvhites, such as the aerial Orchids, various Araceous 
plants, and members of the Hne-apple family, are possessed of aerial root s 
alone. The stem of such plants reste upon some foreign body, sucCasIhie 
fimnch of a tree, totally unconnected with the earth, and produces long 
adventitious r6bts«which hang suspended in the atmosphere, from which 
they al^orb their food in the state of vapour. Roote developed in the air, 
an d sulwequentlv de^ending^ present themselves^ln VarioMS concB^ns. 
One of the most reinarEable is that which is observed in the Mangroves 
(fig. 8) (Rhizophoraceae), where the seed germinates in the fruit .while 
the latter is still attached to the tree, and drops down its long radicle 
until it reaches the mud in which these trees grow, so that the stem of 
the young plant is enabled to establish itself firmly i]> the uncertain soil 
^efore it detaches itself from the parent. This is an axial root. In the 
banyan tree (Ficm indica) adventitious roots are frequently developed 
on the branches, which, descending to the earth, penetrate into it and 
become supporting columns, which ultimately assume the appearfmce of 
trunks, mu give the tree the appearance of "a group or even a grove o2 
trees united together at their heaqs. The roots of the arborescent Mono- 


Fig. 0. 
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cotyledons partake to a certain extent of the same character; and those 
of raloi-trees are observed to arise successively o;ie above another in a 
spiral course near the base of the stem, growing outwards and downwards 
to peneti'ate the ^und, the older ones ultimate^ decaying. In the 
Screw-pines {Pamanw)^ plants growing on the snores of &e Indian 
Islands (fig. 9), this is still more striking and distinct, as the spiral line 
which they form is more open, and the roots arise for a long way up 
stem; here also the older roots and the base of the utem decay, so 
that the whole plant comes to be supported by the lateral adventitious 
roots, as on so many props. Aerial root^ becominji^ ^ attachment 
may be seen ill the climbing stems of Tv^ the garc[« KgnSua^yeconitt 
radicam)f &c. ^ ^ ^ 

Parasitic plants developed from seeds present, in their earli^t stages, a 
ratficre which xTsome cases becomes developed, in others not, or only in 
a peculiar manner. Some germinate in the usual way, in the ei^, and 
their roots seek <^t those of their proper nurse-nlwts, to which they 
attach themselves organically, either superficially or oy penetrating ^ecply;( 
into the interior ; in such cases they may be whoUv parasitic, as in the 
leafless Broom-rapes {(h'ohmichacetB)^ or only partly dependent, ^as in 
Theiium, IthinantnuSf and Melampyrum, Others germinate in the usual 
way in the soil; but their young stems attach themselves to those of 
other plants by adventitious roots developed at the points of contact, while 
the lower part of the pgrasite, connected with the ground, soon dies away, 
ns in the Dodder (dtis^a). The woody parasites. Mistletoe (Viscum), 
Mt/zodefidrottf and other! are developed from seed upon the spot where 
they are attndied. Li the Mistletoe, the seed clings by its viscid pulp : 
in MyzMlmdrm by coiled hairy arms ; and when the radicle sprouts, ic 
drives its way through the rind of the nurse plant until it reaches the 
cambium layer, where it connects itself organically, becoming grafted 
exactly like a budded rose. No further development of root-structure 
occumng here, the full-grown plant appears rootless, and like a branch or 
graft upon the nurse tree. The earlier stages of growth of the Khizanthem, ^ 
root-parasites composed chiefly of infiore.scence, are not knowfl ; probably" 
they are analogous to those of Fismtn in the first instance, but with the 
addition of horizontal growths of stem-structure beneath |he bdlrk of the 
nurse-plant. 

41. Boots, as a ^neral rule, are destitute of leaf-buds, which fact 

servos to distinguish them from rhizonies or rootstoclcs (stems). 
But under certain circumstances, roots, as indeed every part of the 
vegetable structure, maybe made to form buds/ but always from the 
sides, never from the end as in stems. Some trees ar^pecially- prone 
to this, and may ho propagated by cuttings of the root, ^mch as i^/nes 
japonim^ Madura aurantiam, the Plum-tree, &c. The the 

Aneinonejapofuca likewise produces buds very readily. 

Sect. 3. The Stem. 

42. The stem ia the ascending portion of the axis of a plant 
• (fig. 2)., It is characterized by its growth taking place in a Sec- 
tion contrary to that of the roots, and by bearing on its sides regu- 
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larly arranged leaves or modifications of leaves, forming the lateral 
or appendi mlar or^OM, 

An exception to the ascending growth occurs in the case of creeping 
stems, where the main axis takes a more or less horizi^tal position ; but 
the first shoots of such plants, developed from their seeds, ascend, and the 
secondary axes, w^hicli bear the efiicient leaves, assume the erect poaitidn^ 
iISs is seen in the tufted habit of gro^vj^ of plants with a subteiToneous 
main stem. ‘ ^ ■ 


43. Every stem »is developed a bud, which consists of a 
conical rudiment the stem bearing rudimentary leaves c^c^^^’’ded 
upon its sides. The primary bud of the stem of Flow ering plants 
presents itself as the plumule (fig. 2) of the embryo ; and so long as 
this axis continues to grow, a bud (the termhud hiid) fe found at its 
extremity.. The branching of a stem depends upoj^ the development 
^f lateral buds, which as a general rule appear only in the a.vtl or 
upper^ angle between the base of a leaf and the stem, whence th(?y 
are colled axiUary buds. 


There is in many embryo plants a small portion of the axis intermediate 
in structure as in position between the true root and the tnie stem (tig. 2), 
This ** hm^dvledomn/ ” often gives offshoots, by \vhich it may be, dis- 
tinguis'hed from roots ; moreover it is either cylindrical or tapers upwards, 


wmle a root tapers in the opposite direc- 
tion. This hypocotyledonary axis forms 
the trunk of the extraordinary plant 
called Weluntifchia, hereafter described. 

44. The place whence a leaf arises 
marks the position of a structural re- 
gion endowed with special physiolo- 
gical activity ; it defines externally a 
point •where the internal tissues have 
a pecali^gr arrangement. Hence a 
particular name is applied to it, that 
of ^wde ; sometimes a kind of articu- 
lation of the stem occurs at this x)oint, 
but not as a general rule. The in- 
tervals between the points of origin; 
of leaves are called the int^i^des. 
In buds, tho''.j.tomodcs are not yet 
develop^Li^fln a largo majority of 
ascend^i^tems, the intemodes become 
considerably developed, so that thq 
leaves ultimately appear stationed at 
distinct intervals. In many subter- 
ranean stems, at the lower part of 
the stems of many herbaceous plants 
(fig. 10), and in the trunks of many 


Fig. 10. 



Diagram of Planiaffo bearing 

leaves crowded oil a atem with unde- 
veloped intemodes.- 
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of the arborescent Monocotyledons, the intcmodes never become much 
lengthened, and the leaves in consequence appear closely packed and 
more or less overlapping in the full-grown plants. 


The relative developnient of the intemodes is next in importance to 
the Older of amiugeraent of the axillary buds, in aftecting the general 
forms of stems. A clear idea of the conditions may be obtained hv 
examining, in the first instance, what occurs in the unfoldjpg of the bud 
of such a tree as the Horse-chestnut. In the bud thtf enveloping scales, 
the rudimentary leaves, and even the blossom may be distinguished, 
crowded on <he undeveloped axis. Ab thii leaves ^erge and expandj 
they become separated from each other by the elongation of the inter- 
nodes of the sU'iu, until at length they stimd at considerabKi distifiices 
nlong the sideij^of a i»hoot several feet long. This may be illustrated hy 
compai-ing it to the separation of the joints of a telescope, when its 
.'.iigths of tubes MO «'icco.*^iv»]y pulled out. Examples of permanently 
iiuhiveloped in are oocii in the rosette-like ollshoots of I|ou 8 e-^ 

leeks ’ iiany .nbaceous perennials— in the first season’s growth 

')f su<'h pla^’ts n» t - Tuniip, Carrot, Caiiterhui'y-bell, and indged of 
lost bi(‘iiuiitl ', v'loTe the leaves all appear to arise from the root — in 
r Vi bulbs of niiiry iMonocotyl(?dous, sucb iu;the Crocus, lIjNicinth (tig. 10 ), 
KC. In these CfWs tbo Howeriiij; axis which subsequently appeal’s often 
de\<rioju*s its internodi,s considerably, and rises as a tall stem. An inter- 
...‘'diate c(uiditioii is lu-** vith in stems which are elongated, but have the 
L es ovovlaj>v'hig, as in the common Stone-crop, many Coniferous 
liH'os, luauv Palms (tig. ii7), ^-c. 5 p. , ^ 

and a suin' u’ condition exists in 


the subterraneous root-stocks of 
vari»at pljnits, where tlie imper- 
fect sheathing leal-seahis succeed 
each other at short intervals. 

45. In tlio embryo of a 
Flowering plant it is scarcely 
• possible to dotino the limits 
even of the stem itself, which 
loses itself Jibove in the plu- 
mule, and below in the radicle. 
But in fully-developed stems, 
a general tlivision into three 
regions may bo distinguished, 
according to tlic kind of lateral 
organs which they boar, viz. : 

1 . Thow.a»^ifl9a(fig. 
i 11), which iSf mostly Bu bter- 
rancan in its habit, and pre- 
' sents itself with more or less of 
5tbo extomal appearance of a 
jroot, of ad enlarged fleshy bud, 



A plant of SmiltTeina hifolia ■with a erpepiog rhi- 
■orae boarinf; leqf-*cdte«y an erect leafy dtem, 
and an inflorescence with braete. 
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or of a combination of these two. The leaves upon this are never 
greeiL hut are of fleshy or membranous texture and simple forms. 

2. The region, forming the ascending stem of plants generally. 


2. The region, forming the ascending stem of plants genorallyy 

especially characterized by the green colour and great development 
of the foliage. 

3. The ^raet region, which is also known as the Inflormencij is 
^'distinguished, by its smaller, more delicate, and sometimes coloured 

leaves, the axillary buds of which produce blossoms. 


The extent, both positive and relative, in which these regions are re- 
presented is diflereiit in almost every plant; but a few mineral statetnents 
may, be ma4e serving to illustrate the subject. The leaf-scale region is 
developed c hiefly in herbaceoiM perenmal pWts ; and the hrilicipnl mocti- 
fleati^sof it wiillto examinedrEelbwirnderl;ho heads of Rnizomoa, Bulbs, 
and allied structures. It may be observed that the leaf-scales or abortive 
; foliaceous oi^ans are almost exclusively composed of the stalks or sheaths 
cof leaves, without any part corresponding to the blade ; (exceptions to 
this, illustrating the rule, occur in tunicated bulbs like the llyacinth 
(fig. Bl), where the inner scales bear a green blade standing out free at 
we top of the bulb, and again in various subaquatic Grasses witj;^ 
creeping stems, in which the lower parts of the annual shoots often exhibit 
lar^ open sheaths with small rudiments of blade at their summits. The 
region During perfec t leaves forms th e principal part of the axis i n arEo^ 
rescept jJant^ where refflon^cm^s only aTthe pomts where 


Fig. 12. 


Fig. 13. 



Diaanin of a plant of Veronica hedereftilia, 
whfsre tho leu-scale region bears the coty- 
ledons jr, jr, and the rest of the stem is a 
tme-leaf stem with ilowiqn in the axils 
its leaves. 


Diamm of a plant of Veronica 
CS^uedrye. The lower part is a 
true4eaf stem, and its branches 
are hract-stems or infloresoences. 


the protecting scales of the autiunn buds ore produced; tijie scars of the 
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leaf-scales, crowded together from the non-development of the intemodes 
are veiy visible at the base of the yearly shoots. of many trees, for ex- 
ample, of the Horse-chestnut ; other trees reproduce, as it were, their 
cotyledons at these points ; the Jasmine, for example, exhibits a pair of 
broad undivided leaves near the base of each annual shoot. In annual 
plants the leaf-region is predominant, but the bract - 
regfcnjis reJafiymy m Jeyeldpjs a tT^ in tri ^*^ Fig. 14. 

the same holds goo d‘*^^^(mniiI’^ • 

plants/ in arborescejil^ahtTflie br^t^feglon^usuall^ * ^ 

Odes not present itself until the leaf-regions of many ^ 

yeiU'8»have bwen formed, and even then it is gene-<^ 
rally formed from branches of the axis which have a * 
subordinate share in giving the special form to the 
entire plant ; ^metiines, however, the form of the (jP| V 

ramificutiou is much aflected by the position of this \ i| 

region, as in the Horse-chestnut, Lilac, and otiber I ^ 

trees, where the terminal buds of shoots are deve- m , 

loped into an inflorescence, which of course puts a 
stop to the onward growth at these points. 




• 46. The Leaf-scaled^ stem, found especially 
among herbaceous perennial plants, is ^cldom con- 
tinuous with an axial root ; on the other hand, it 
is very prone to produce adventitious roots, as is 
natural to its usually subterraneous or creeping 
^modo of growth. When its intemodes are regu- 
Iftrly although slightly developed year after year, diagram of a plant of 
it forms an abbreviated stem, horizontal or ascend- seSr^tnw ' 

ing, cither below or above ground. If the main iwlf and brlSi* n-tSi 
axis licrsists, producing a few branches each year, 
and as it grows at one end slowly dies away 
at the other, a more or less root-liko structure is pfoduedd, tenned 
a rootstock or rhkorne (figs. 11 & 22), If the grov^h of ejich axis 
d^ays away ai re^Tlar intervals, so as to isolate the products of the 
succeeding axes, the result is different, and, instead of a branching 
rhizome, the axis resolves itself into a number of detached portions, 
in tho form of conns. If .these detached portions are chiefly com- 
posed of leaf-scales, "with the undeveloped stem small, so that they 
represent enlarged buds, they are called bulbs (^s%. 15 ,& 16). Another 
reproductive structure belonging to thoTcaJ-scale reg^m of the stem 
is the tuber (fig. 19), which cousists of a fleshy thickeft«d subter- 
raneous axis, arising in the axil of a leaf-scale, having its in- 
tefhodcs considerably developed,^ so that its leaf-scales are scattered, 
and cover isolated buds or “ eyes.” Tubers of analogous character are 
sometimes formed firom aerial branches, as in many epiphytic Orchids, 
where they have a green colour and are known as joseudo^hjiB^. 

47. Tl^e Bulh (fig. 15) is a stem remaining permanently in the 
condition of a bud. Its axis consists of a or shortly conical 
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plate, from the upper surface of which arise leaf-scales of fleshy 
character more or less overlapping each other, and enclosing the 
points of growth, while one or more circles of adventitious roots arc 
given off from the base (flg. 16). Bulbs are named, according to 


Fig. 15. 



Scaly bulb of ZHium eandidum, with 
adventitioaa roots. 


Fig. 16. 



Tanicsted bulb of the Garden Hyadnih, ent 
through {)eti)endieularly, showing the leaf* 
snales arising from tlie abbreviated stem 
(6), and the young bulbils or cloves (a, u) 
formed in the axils of Icaf-soalea 


the character of their loaf-scales, scaly or sauarMse when these only 
partially overlap (lily), and rOnion, Hyacinth), when the 

scales form compete sheaths. Buifcs produce flowering axes either from 
the terminal, or from axillary buds. They are multiplied by buds 
developed in the axils of the scales in the form of new bulbs (c/ore/f, 
fig. 16 a, a), which sooner or later become detached. When u bulb 
fiowers from its terminal bud in its firjst season of grouib, it is 
annwjH ; when it only strengthens itself by forming scales in the 
first season, and floWors from the terminal hud in the second, it is 
himnial ; wh9^At flowers from an axillary bud, the terminal bud may 
be developea in the same form indefinitely and form a perennial bulb. 

The^Sumber of leaf-scales constituting the mass of a bulb varies much 
in different plants : in Gagea^ AUium vinedkf and o^ers there exists only 
one ; AUium okraceum has hut two ; the Garden Tulin and Crown Imperial 
have comparatively few scales, while the Lilies ana the Hyacinth (figs. 
15 & 16) have numerous coats or scales. A little explanation is requi- 
site as to the tenn&armual &c. as applied to bulbs. We nave an example of 
what is called an annual bulb in the Garden Tulip. As planted in autumn, 
it is a bud composed of iour or scales enveloping a central rudimen- 
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tary flowering stem which terminates the main axis. In the axil of the 
outer scale there is an axillary bud. As the flowering stem is developed 
old bulb shrinks^ while the axillary bud becomes more and more 
perfect; so tha^ after the flowering season is over, it forms a new 
DiUb, to the side of which the withered remains of the old one are 
attached. The terminal point of the new bud repeats the flowering, and 
its outer scale (sometimes the next also) subtends an axillary buddestinec^ 
to bcHM)mo a new bulb in the next season. Such bulbs are sometimes 
called since the biQbous structure of any given axis is 

formed before ilie mie leaves and flower. The Grown imperial {FntiUaria 
iniperihlis) nfidrds an example of a #iExamined in the* 

autumn, it is found to consist of fleshy scalcsproouccd at the lower ]}grt 
of the axis which has just flowered ; while a bud seated in the &il of the 
innermost of thonc scales is already developed, and by the decay of the old 
flowering stem has come to occupy the centre of the bulb. In the next 
season this bud floWers : at first it is surrounded by the scales of its 
parent axis ; but after the flo’yering is over, these very quickly shrivel up 
and dLsapu(*ar, the axis which has just flowered giving origin at its base 
to a umnoer of scales replacing them ; and while tne flowering ^tem 
decays away down to these scales, a new axillarj^ bud is developed in the 
axil of its innermost or uppermost basal scale. Thus the bmb always 
bears growths belonging to two seasons ^n the same axis ; the nutrient 
leaf-scales of each axis are developed upon it after it has flowered, and 
ser> o for the support of the flower of the next axis. Such bulbs are 
sometimes called and may be termed defmite to distinguish 

them from the next kind, i'emmib? bulbs difler from the foregoing^ 
in retaining the products of the condensca axes of several years in a healthy* 
vegetative condition. Thus, if we examine a bulb of the Garden Hyacinth 
(fig. 10) when it is flowering by its terminal bud, we find the base of the 
flowering axis surroemded by several leaves belonging to itself ; the whole of 
them stand in the axil of a s^e belonging to the preceding year, which also 
contains the short remnant of the flower-stalk of that year ; and to this 
scale succeed several more, all belonging to that same axis ; tflese more- 
over stand collectively in the axil of the innermost of a series of scales 
belonging to the year before, remains of the flower-stalk wof wflich are 
also sometimes visible. Finally, on examining the axil of the innermost 
green leaf of the present year, we find, nestled between it and the base of 
the flower-stalk, the bud which is to form the axis of the next year. 
Therefore this bulb possesses ^structures or axes belonging to four distinct 
gemirations. The bases of the green leaves expand into fleshy sheathing 
coats after the flowering of the axis which gives riS^ to them ; and the 
decay of their blades, which extends to the summit of Ihe bulb,* gives 
rise to the ragged or Htten-off appearance of the latter. These bulbs are 
^wtv^Uiom ^ e the last kind, hut may be distinguiidied from t^m as 
uulejimte, 

48, CoTrm more or less resembles a bulb externally, but con- 
sists principally of a stem with little-developed intemodes, thickened 
into a fleshy body, apd bearing leaf-buds at one point, either at the 
summit, as in the Crocus (fig. 17), or at the side, as in Cdkhicum, 

, The corm of a Crocus examined very early in spring eEhihits a primary 

c2 
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axis in the form of a roundish mass hearing the adventitious roots below, 
and giving rise above to one or several tufts of leaves. The bases of 
the leaves, outside which are a few membranous scales, being at first 
sunk in the parent axis, these tufts or rudimentary branches tu'e not 
readily distinguished as secendary axes ; biit the 
terminal bud soon grows out to produce the flower. • 

/Vfter the flowering is over, the interiiodes be- Q 

tween the scales and the bases of the gi*een leaves llltt A 

become developed both vertically and also hori- 
zontally, so as to convert the base of each flower- 
ing stem into a aiew corm. When about half- "A 

grown the new corms stand out as globular bud- I J ; j 

like strudiures on the top of the old corm, which ^ JX ^ 

is gradually exhausted, and decays away, so as V 

to set its progeny free. In the axils of the upp(ir- / i-fM \ 1 

most leaves of the flowering stem are developed i f i N ■ 
newjbuds (which exist even before the corm be- Corm of tin* Crarden Crui'UH, 
gins to sprout in spring) ; and ns the new conns Jiriyl;*^**'*^**'** pt‘rpt*niiiuu- 
are i^rfecltd,tlie buds imbedded in their summits 

form the ruminents of the leaves and flowers of the next season, sprout- 
ing out in the spring, each to reproduce a corm. Hence in a corm tak(UL 
out of the ground a short tiins. after the flower witlujra, we find three 
sets of axes : — 1, the withering parent corm ; 2, the young corms branching 
from this, fonned from the bases of the flowering stems; and, 3, the 
axillary buds of the leaves of the latter, forming the resting buds at the 
summits of the new corns, 

. In Colchicum autumnale the conditions are somewhat different. When 


Corm of till* Crarden CrueiiH, 
out through perpi'niliuu- 
hirlj. 


the plant is flowering, in autumn, we And the flowering stem attached to 
the side of the base of the corm ; the flowering stem is surrounded at its 
base by sheathing scales and rudimentary' leaves ; in the axils of the t wo 
lowest leaves exist minute buds, and the inlernodes between those lc*avtjs 
are slightly developed. The flowering-stem then withers down to Iho 
ground, and during the winter the internode between the two buds swells 
and forms a new corm, the old one shrivelling up. The leaves appe^ar 
above f^un^in the spring, proceeding from the apex of the corm, and 
the bud at the side of its lower end shoots out to form a new lateral stem, 
which produces sheaths and rudimentary leaves, and ultimately forms the 
flowering stem of the next autumn, the base of which repeats* the forma- 
tion of a corm in like manner and shoots irp its tuft of leaves in the fol- 
lowing spring. The conn being formed from the intemode between tho 
buds, the lower of these is, to a certain extent, basilar as well as lateral, 
whild the uppr^lf one appears near tho top of the perfect corm, rather to 
one side, near fhe scar of the old leaves and flower-stalk ; tliis bud may 
or msy not be developed into a corm simultaneously, but in any case 
it becomes detached from its fellow when the old conn shrivels up, and 
thus may multiply the plant. 

The corm of Arum inacvdatmn, examined in spring, exhibits two lobes, 
with an intermediate constriction; they lie adjoined horizontally; the 
corm of the past year is shrivelled ; the other is solid, and at the summit 
'exhibits sheathing scales enveloping the base of the erect flowering stem. 
)pemng the sheath, which turns upward, wo see that tho flower arises 
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from a terminal bud, while in the axil of a leaf arising; below it exists a 
bud which is destined to swell up and form a new corm for the next 
season, the oldest one meantime withering; away ; so that two (venera- 
tions with th(j rudiments of the third always coexist ; these generations 
may consist of a greater number of individuals when additional corms 
arise from the axils of several of the scales of the parent corm. 

49. The IStem-’tuher is either formed froi" 
the base of a stem, or from a branch arisiu 
from a subterraneous leaf-scale (fig. 19), deve 
loped hither jihrtially or entirely into a tliic 
and fleshy mass, by expansion of its spongy 
structure, its own leaves appearing in the form 
of rudimentary scales, in th(‘ axils of which 
exist dormant biidp^ or ej'^es, capable of pro- 
ducing independent stems when the tuber 
recommences its development after a season 
of rest. 

•Axial tubers occur in many herbaceous plants, 
as in Cort/ehilis buHwsa ; wh(?n of annual dura- 
tion, these are essentially the same as* corms. 

The tuber of the Potato is a familiar example of 
the stem-tuber formed from a branch, in which its 
characters mav he readily obsen'ed ; a number of 
leaf-scales at the base of the “ haulm” send out sub- 
hirraneous branches, which at some distance from 
the point of origin cease to elongate, and swell up 
into tuberous masses. The tubers of the Jerusalem Artichoke (fig. 19) are 
aiialuguuB productions. Stem-tubers passing more or less into rhizomes form 

Fi-r. 19. 

I 





Stem-tnben of the Jenuelem Artichoke {StUanikM tuberoHu). 


Fig. 18. 



Boot'tnber formed at the 
base of the stem of Btraium 
liuiboecutanum. 
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tlie so-colled roots of tlie Bryonies {Tamm commtmis wadiBrymia dioicd)^ 
of the Sweet-potato (Convolvtdm Batatas) y and the species of Dioscorea 
yielding ^^yams.” Thejiubers of the terrestrial Orchids ore chiefly com- 
posed of radical structures. If we examine the twin tubers of Orchis Morio 
(tig. 20), we find one at the base of the flowering stem (a), which towards 
the close of the season is withered, while the other (6), crowned by a 
bud (*), is solid and healthy ; in the axil of the lowest leaf of tliis bud 
exists another^ hud in a rudimentary state ; and as the oldest tuber shrivels, 
this swells out and assumes its form, in the next season appearing as 
^ the bud-tuber, white its parent becomes the tuber of the powering stem. 
The greatest part the mass of these tubers consists of a swollen adven- 
titinus ropt (§ 37), which is intimately blended with a ft»w little-deve- 
loped stem-inteniodes and the terminal hud. In some cases these tubers 
are rounded ; in others they are divided below, so as to 'become palmato 
(fig. 21). The tubers of Btmium (fig. 18) belong to the root. 

Fig. 20. Vig. 21. 



Doable root-tubers of OrckU Morio z 
a, old tub^r ; 6. new tuber with the 
bui^ * for the next season. 


Double palmate root-tubers of Ovmnadenia 
odorafimiifna : a, old tuber at the base of 
the old flower-stem; h, new tuber, with 
bud for the next season. 


50. The IRhizome or Boot-stock is a body composed of an indefinite 
number of corm-lihe axes permanently connected together, so as to 
form an elongated, root-like stem, more or less clothed with leaf- 
scales (fig. 22). Its intemodes arc generally little developed ; some- 
times, however, regions' with developed internodcs alternate with 
others wherein they are undeveloped, giving a nodose character ; 
when it has the intemodes much developed (figs. 11 & 24), it ap- 
proaches in chdracter (through ^'runners” &c.) to creeping leafy stems. 
Its tejeture and appearance vary from herbaceous or fibrous (fig. 24) to 
tuberous (fig. 22) ; its direction is usually horizontal, though in some 
cases it is vertical (fig. 23) ; and i|i the majority of cases it grows 
under ground. 

Examples of the rhizome are very numerous among herbaceous peren- 
nial plants, both Dicotyledons ana Monocotyledons. The Garden-flag 
afibrds an example of a tuberous rhizome which may be understood by 
comparing it with a corm like that of Arum macuUUumy and by supposing 
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that the older portions of this sunrive for many years, so as to form a 
creeping, more or less branched mass. The Solomon^ Seal (hg. 22), Sweet- 
flag (Acorus), Ginger, Water-lily, &c. afford other well-known examples. 
In some of these ( called definite rhizomes) the flowers appear to be pro- 
duced by terminal buds, which take an ascending direction and lose them- 
selyes in the inflorescence, the onward growth of the stem being effected 
by means of axillary buds. In other (indefinite! rhizomes the growth 
is continuous by the formation year atTer y^ of a^ierminal leaf-bud. 
Bbizomes of more solid texture, but of analogous construction, occur in 
many herbaceous Ferns, as in Asjndium Fli/£7-mas,*also in most of the 
llushbs (JunAts), nia^ Sedges, and a great variety #>;f herbaceous Dico- 
tyledons, such »is the Wood- Anemone, the Primrose, Lathraa squamariaf 
&c. Certain widely extending creeping plants afford examftes of* rhi- 
zomes with developed intemodes, as the Sand-Sedge (fig. 2€), the wire- 
like rhizome of which extends for many yards under the loose sand, send- 
ing up leafy shooin at regular intervals; the stems of Couch-grass, of 
various Mints, and other Labiate plants; as also of certain Ferns, s^ch a% 
Lastrcba TMypteris^ IHehonmneh speciomniy and of the Horsetails {Equi^ 
tum)j &c. When the rhizome is erect it has much of the aspect of ^root ; 

S nd the ordinary form was termed by the old writers a j^rcgmorse root, the 
ecay of the lower end giving it the appearance of having Xe^ gnawed 
off. Examples of this are not uncommon, as in the Scdt^a succisa — ^in 
various UmneUiferie, as Cicuta virosa (fig. 23), where the abbreviated in- 
te modes form discoid chambers corresponding with the fistular intemodes 
above, and in the Lady-fern (AjOiyrium EUix^fasmind)^ which consequently 
rises above ground like a dwarf tree-fern. In Spargamum ramomm we 
meet with a curious alternation of condensed and elongated intemodes, so 
that the rhizomes appear to consist of a number of corms connected toge- 
ther by branches into an erect candelabrum-like assemblage. 

Fig. 23. 


Fig. 22. 



Bhiiome of Solomon's B ApI ( CtmoaUairta 1^2j»onafum) : 
a, bnd for nozt year; b, flowering stem of the present 
year; e & d, sosjrs of the flowering stems of two pre- 
ceding years. 



Tertioal rhisome of deufa tfirote^ 
oat through perpendicularly. 


51. The Leafy steniy or region bearing green foliaceous organs, 
grows above the soil, either in air or water, exposed to the influence 
of light.* Its form and structure are extremely varied, depending 
chiefly on the mode of development pf the intemodes, the arrange- 



32 


UOBFHOIAOT, OB COUPABATITE ABATOHT. 

mcnt of the leaves and mode of development of the buds, and the 
extent to which its existence is prolonged The first cause regulates 
to a great extent the form of the axis, the second the mode of rami- 
fication, and the third the size and consistence of the fuU-growii 
organ. The principal modifications may he most conveniently studied 
under the heads of — 1. herhaceomj and 2. woody stems. 

Fig. 24. 



Sand-Sedge {Carex arenaria)^ the creeping fibrona rhiBomea rooting at the nodea and 
aending up flowering atema. 


52. Herbaceous stems are produced by annual and biennial plants, 
and in each successive flowering axis of herbaceous poronni^ ; to 
thcBO also %re analogous the yearling shoots of arborescent plants. 
Taken’by themselves, they are either annual or biennial ; that is to 
say, they* bear on the same axis green leaves belonging either only 
to one or to tWb seasons of growth. Annual herbaceous stems alone, 
of course, occur on true annual plants : they are produced also by 
those perennial herbaceous plants which send up a flowering stem 
fh)ip beneath the soil in spring ; and with these are to be included 
most plants forming l^ulbs and conns. 

In ordinaiy annuals the plumule or terminal bud of the seed shoots up 
at once into a more or less hranched flowering stem, and the entire plant 
dies away after the seeds are perfected in autumn. Examples or thia 
form m&y be seen in the Poppy, the Sweet Pea, J^rmica hederee/dia 
12)^ &C. In many perenmid herbaceous plants forming rhizomes, and 
in most bulbous plants, a subterraneous bud shoots up in the early part of 
each season of growth, bearing green leaves, and fomwig a flowering stem 
(fig. 22 in the autumn the whole of these structums disappear (c, d), 
wmle resting buds (a) are formed in the 'axils of tlie lower leaves be- 
neath the soil, to repeat the growth in the following season. We have 
examples of this kmd of stem in the Solomon’s Seal, Ga^enPssony, 
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Aconite^ Anemone, Asparagus, &c. The young fleshy shoot with mdi* 
mcntaiy leaves which these plants form in early spring is sometimes 
called a iurio (this is exemplified in the edible part ot Asparagus). The 
h»afy flowtsnng stems of bulbs and tubers, such as those of the Lily, Po- 
tato, OrvhiSf &c., furnish further examples of the annual herbaceous stem. 

53. Piennial herbaceous stems are found in true biennials and 
many herbaceous perennials. They are distinguished^by the lower 
part of the axis producing green leaves in one season, and the upper 
portign grow^pg into a flowering stem in the following year. Generally^ 
speaking, the internodes are little developed in thiJ^growth of the first 
season, and the leaves are often larger as well as more«crowded; 
they also frequently die away early in the second season. 

Examples of the biennial herbaceous stem are to he found in such 
true biennial plants us the ^J\imip, the Canterbury Bell, Thistle, Parsley, 
&c. Here, when the seed is sown, it produces a stem with scarcely ^eve-, 
loped internodes, supporting a number of leaves which form a kind of tuft 
or rosette upon the ground ; this growth remams almost at rest duriqg the 

inter, and in the succeeding spring the terminal bud shoots up into a 
flowering stem. Sometimes several axillary buds also grow up into flower- 
ing steins, givinff rise to the condition cdled “ rodije ^ this may 

o(!Cur either in biennials or pei’ennials. A siniilar kind of si^era is found 
in such perennial herbaceous plants as the common Daisy, the Garden . 
Flag, the Dandelion, &c., where axillary buds are produced "at the base of 
th(^ (lying flowering stem in autumn, and gi'ow up above ^ound at once 
to form leafy tufts, lasting through the winter, and giving birth to flower- 
ing stems in the next season. 

54. The leafy shoots of perennial plants, with their axis and adven- 
titious roots, may be separated artificially, and used for propagating 
the plant (gardeners call this “ parting the roots ”) ; and certain plants 
are naturally multiplied in the same way, by buds or branches which* 
have received special names. Thus the herbaceous flowering stems 
of the House-leeks (JS€m 2 )ervivum), after flowering, prpduco*buds in 
the axils of their lower leaves whi^ expand into leafy rosettes. The 
parent stem dying down, these are thrown off as detached plants, 
and strike root ; in the following season they send up a flowering 
stalk and repeat the process. The separating tuft formed in the 
autumn is c^ed an ofFset, The Strawberry-plant in like manner 
produces, in the axils oi its leaves, buds which in the same season 
expand several of their intemodcs, and form long filiform branches, 
the buds of which give rise to rosettes of leaves, and strike root, and 
thus form independent plants: such shoots are called pinners ( fig. 25 ). 
In all these cases the herbaceous flowering stem is of two years* 
growth, its branching portion belonging to the autumn, the ascend- 
ing flowering portiqn to the succeeding spring or summer. 

Special names have been given to certain forms of the herbaceous stems, 
some of which are not very definite. Botanists sometimes call the stem 
of Grasses A jntlm i agriculturists tenn flbth this and the stems of herba- 

c 5 
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(5eous plants generallj " haulm/ * which, in its orif^nnl lan^ai^, is synony- 
mous with cuJmm. NeRherTerm is perhaps requisite ; but, if used, the 
term culm (culmus) should be applied to the unbranched stems of Grasses ; 
haulm {cmdis herhacem) to all other herbaceous stems with well-developed 
ihtemodes. 


Fig, 26. 



Strawberry-plant with nmnerH. 


55. The Woody stem, characteristic of arborescent plants, presents 
itself in two principal classes of form: — one, where it is, branched, 
constituting a trunlc (trumm ) ; the other, whore it is an unbranched 
column, bearing its foliage as a terminal crown, forming what is called 
a stock {eaudex). 

These differences depend upon the mode of developmout of the buds : 
when, as in Dicotyledonous trees generally, axillary buds are developed 
into Igranches, we find a ramified trunk ; when the tonniual bud alone 
unfolds, as in most Palms, the globular and columnar Cactaccse, and the 
Cycadaceee, a simple columnar caudex is formed. 

56. The Trunk of arborescent plants arises as an herbaceous stem 
from the seed, but usually becomes more or less woody before the 
close of the first season ; in the autumn it ceases to develope inter- 
nodes at its point, and the terminal bud closes up into a resting 
winter-bud enclosed in leaf-scales ; buds of the same sort are pro- 
duced in the axils of the leaves ; and all or part of them open in the 
following spring, to produce a second generation of axes in the form 
of shoQts ; the same process being indefinitely repeated, a branched 
trunk is produced. If the centnd stem is not much elongated, and 
the lateral ramifications are numerous, the result is a shrubby plant 
(dumus ) ; if the growth of the main trunk predominates for a long time, 
but ultimately slackens, and the side branches grow more, the form 
seen in ordinary trees appears {arhor cymosa ) ; wHile if the g^wth of 
the central stem by the terminal bud is predominant througfiout life, 
we have tall straight trunks with comparatively small branches, such 
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as arc seen in the Lombardy Poplar and many Pines and Firs {arhor 
fdstigiata). 

Besides the diversity in the relative development of terminal and lateral 
huds^ a great variety of conditions occur in the mode of unfolding of the 
buds and in the destination of their products. By no means all of the 
axilla^ buds of arborescent stems come to development ; and tibey are 
sometimes suppressed in definite order: this, and mode of arrange- 
ment of the leaves which subtend them, has much mfiuence on the general 
fom^ of the r|imification. * 

Attention may here also be particularly directed toithe defimU and inde^ 
nite development of the axes. In many trees, such as the Oa^, the J^irch, 
the Asb, many i'ln^s, ic., the terminal bud of each shoot, if healthy, opens 
out every sprnig, and developcs a new length in the same direction; so 
that, on such branches, the successive years’ growths are distinguishable 
for a more or less |onsiderahle time by the scars of the leaf-scales which 
enveloped the successive winter buds. When these trees flowes, their 
blossom emerges from an axillary hud. In other trees, such as the Horse- 
chestnut and the Lilac, the winter bud contains a rudimentary^shoot, 
•the terminal bud of which produces an inflorescence, and consequentiy 
this hud is evolved into a leafy shoot, the growth of which in length is 
arrested for ever by the terminal blossdtn, and the shoots of the succeeding 
year must arise from axillary buds at its sides. The branching of such trees 
])re.sents a poculiai*! v bifurcated appearance. The same condition is produced' 
in rndrfimtfi trees when the terminal buds of their shoots are killed by frosts. 

The originally cylindrical form of trunks often undergoes considerable 
alteration with age, depending upon p. ^ 

peculiar modes of development of ^ 

the woody structure within. Irro- ^ 

gular prominences occur commonly 
on such old timlmr-trees as have 
hirge branches, greater enlargement 
taking place in the line between 
the base of the branches and the 
roots; this is often seen on old 
Oaks. Some tropical trees produce 
vast buttress-like projections in the 
same way. The fonns of the trunk 
of the woody climbing plants of 
tropical forests present very remark- 
able iiregulanties, arising either 
from a twining habit, or from ir- 
regular development caused from 
lateral pressure or otherwise. In 
some kinds of (fig. 26 ), 

and in Delahechea (Bombace80),the 
trunk is swollen out in the wape 
of a great flask between the root 

and the main branches. Trank of a BrasOian Bombax. 

57. !rhe Stock or eattdeof is an undivided woody trunk, pro- 
duced by the annual unfolding df a single terminal bud. Its 
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ternodes are commonly little dcvolopod, so that its sides arc marked 
ith the scars of its fallen leaves ; sometimes, however, the intemodes 
*e developed, and theii the stock has a jointed appearance, from scars 
.* actual articulations at the nodes. The stocks of the CactaccaB are 
^markable for their form and consistence; their lateral buds are 
3veloped into tufts of spines, which are the representatives of the 
aves of undeveloped branches. 

The stock of the Palnis exhibits considerable variety of form. In the 
Ocoanut- (Cocog) an^ Date-palms the intemodes arc searcePy' devclobed, 
id the scars of the leaf-stalks, arran^d in spiml order, cover the sides ; 
le salne holds good of the stock of Q/cas and its allies, of Xanthorrhaa, 
tnffia, and other arborescent Monocotyledons, and also of thi; stock of the 
•ee ferns (fig. 20). In other cases nn intemoile is more or less deve- 
ped between each leaf, and the stem is smooth, buy marked bv a siic- 
ssion^of SCSI’S running nearly round the stem, as in 3f mtritia and Astro^ 
ryum in Geonoma Ckamt^dorea the intemodes are deve- 

ped and the nodes thickened, so as to appear exteniallv somewhat like 
bse of the stems of Grasses, but they are not really articulali^d nor hoi- ^ 
w like the latter. The caudex of the Palms furnishing the common Cano ' 
’^alamitg) is chiefly distinguished* irom the last by the slenderness and 

Fig. 27. 



Fig. 27. Palm-trfo {Areea) with anbranohed oandez. . 

Fig. 28. firanehed trunk enthe Doum Paha {MypkmM iktbaica'), 

:treme len^ of the intemodes. Many of these Pahn-stocks, which are 
juple in their pxincipid mass, sdhd out axillary buds at or below the 
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ground, which form runners, and ultimately up independently of the 
parent. The aerial stocks of a few branch high above the ground, as in 
the Doum-palm (fig. 28), and in Pandanm (fig. 9), where the terminal 
bud appears to undergo successive bifurcations, but really sends off at 
intervals single axillary buds, the development of which soon equals that 
of the parent axis, and causes the deflection of the latter so as to gi\e 
a forked appearance. A similar mode of gi'owth is obsen'ed in certain 
Jla^modoracem (arborescent Monocotyledons, natives of S. America), also 
in the Liliaceous gf>nu8 Yucca, The stocks of some of the Cactaceas are 
undiviUcd, as tn Mchcnctm (fig. 31), Echimcactmy aj|d MamiUaria^ &c. 
but in others a few branches ariae, giving a compound character, as in 
various species of Cerem (fig. 32), and in the leaf-like stalks af Op&ntia 
(fig. 30). Analogous structures occur in foreign species of Euphorbia. 
Tlie Elephant ’s-foot plant {Tamus elephantipeii) possesses an extraordinary 
stixik, consisting of^ large and solid woody mass of ru^ed appearance 
and perennial grower, from which slender annual climbing stems mse,^ 
dying down again each season, while the stock slowly increases in size. ^ 


Fig. 29. 



Fig. 29. An arbcrcBoent Fern with unbranohed caadex. Fig. 81. Stem of MelonLehu. 
lip. »'). Stem of OfMniia. Fig.^iS. Stem of Cerew. 

58. In the description of steins generally, certain technical terms 
are in use, in addition to those above explained. Tliese refer prin- 
cipally to — a. eomisteme ; b. direction and habit of growth ; o.form ; 
d. condition of surface ; e. ramification ; and f. dimensions. 

a. The terms herbaceous (Jherbaceus) and woody (lignosm) need no 
further definition. Some stems are fkshy or succulent {carnosiis) as 
in Cactus^ &c. Most stems are solid {solidus)\ those of the majority 
of Grasses and the tlmbelliferffi (Carrot, Celery, &c.), and the Horse- 
tails (Equisetum) are hollow or tubular \fistido8us), 

b. Stems may be truly erect (strictus%fhan(ot(s (fieanMSus)^ or nod* 
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ding (nutons), which in trees becomes overhanging {cemuus). Stems 
which turn upwards from a horizontal base arc called ascending 
(ascendens ) ; those'ljing along 
the ground without rooting Fig* 33- 


are procund)ent or prostrate 

(decumbenSf procumhens^ hu-^ A ojA ^ 

mifusii^ (fig*. 38); if a pro- 

strate stem roots at its nodes, ^3|U^ 

•it becomes creepinfi (repens). 

Slex^dcr stems neither lying X 

on Ihc gS^und nor creeping P«eumb«at.tomrfTh,m,. 

may be pendent (pendulus) 

when growing on rocks &c., and floating (Jluitans) when growing 
in water. Weak stems al^o rise from the grounf as climhing {scan- 
dens) or twining {volubilis) stems. 


djjnbing stems support themselves in various ways : — the Ivy by tufts 
of adventinous roots, which attach themselves lirmly to foreign Uodies; 
the climbing species of Clematu, the Canary-creeper {Tropeedum pere- 
orinum) bv hooking their leaf-stfJ]b round tho support; other plants by 
tendriU. as the \^me, Peas, C/ucurbitacefe, &c. 

Twming stems coil themselves spirally round^ the supporting body, 
turning sometimes in one direction, sometimes in the other, as in the 
,Hop, Convolvulus, Cmcuta, &c. Some of the tropical twiners produce 
woody trunks resembling large cables. 

c. The principal characters of form are designated by terras re- 
quiring no explanation, such as cylindrical or terete^ conical^ columnar ^ 
&c. If a stem presents thickenings opposite the origin of the leaves 
(nodes), it is called jointed (articulatus) or knotted (nodosus) ; the 
reverse cefndition, when there are constrictions at intervals, is also, 
with mpre propriety, called jointed (articulatus). Other terras refer 
to the shapes as displayed in a 

cross section of the stem. A Fig. 34. Fig. 35. Fig. 36. 
stem is round (teres) when it pre- 
sents a circular section; com- 
pressed (eompressus) when the 
section is elliptical; angular 
when' the section is polygonal, 
under which head are distin- Fi^. S4. Atriqnetroiuitom. 
guishod, in a th^ngled stem 
for example, triquetrous if the 

three angles are sharp (fig. 34), triangular if they are about right 
angles, and trigonous when the angles are obtuse or rounded off. 
When the surface presents a groat number of longitudinal ridges, it 
is called ribbed (fig. 36) ; numerous longitudinal grooves render it 
furrowed (sulcatus)* In some cases the projecting angles of stems 
are wing^ (oZatus), as in mahy Thistles ; in other cases the stem or 
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branch is flattened so as to resemble a leaf, in which case the term 
cladode is applied. 

d. The surface of a stem may bo smooth (Jams) or striate (striahts), 
i. e. marked with fine grooves and ridges. It may be devoid of epi^ 
dermal appendages or glabrous (jglaher)^ or furnished with a more 
or less dense coc|jb of hairs (^pilosm^ hirsutws^ lanatus^ &c.), or it may 
bo set with brisUcs (setosus)^ glandular or otherwise, or with thorns 
(spinosus). 

Similar tcifns are still more commonly applied tc^he suifEices of havtSf 
under which head they will be more minutmy defined. 

e. A stem j/s cither simple or branched ; if the ramification is ex-> 
ccssive, it is called mu^-branched (ramosissimus). The branches 
may he erect, spreading (^patms^, outstretched (divarieatus, patentis^ 
simus), dejlewed (i^fle.vu8), or pendulous (pendulus). These qt^Iities 
especially affect the crown of trees, which is sometimes called 
their ajme, 

• /. Diflerent terms are applied to plants with woody stems, ac- 
cording to their division and mode^ of branching. A tree (arhor) 
is a plant ivith a woody trunk and branched head, above 25 feet in 
height. A small tree (arbusculus) is a similar plant, which never- 
rises above 25 feet in height. A shrub ( frutex) is a kind of dwarf 
tree, where the main trunk is little developed, and the whole nevqr 
attains a height of more than 15 feet. Under-shrub (fruticulus) is 
the diminutive of this, applied to kinds which do not exceed 3 feet 
in height. A bush (dumus) is a kind of shrub where the principal 
axis is not readily distinguishable, the lateral branches being deve- 
loped very freely close to the ground, so as to hide the main stem. 

Sect 4. The Leaf. 

59. Leaves are the lateral organs attached to the ascending por- 
tion of the axis, and in general are flat, expanded plates, produced 
directly from the superficj,al part of the stem, and from which, after 
a certmn teim of existence, they are removed, either by breaking off 
at a distinct joint, or by decay. 

In some cases, as in Cactus (figs. 30-32), the true leaves are absent, 
their ofiice bein^ filled by ^he green rind of the stem . Normal leaves, 
bSIonging to the yegetanve system, are alone into account in this 
chapter ; the modified foliar organs compoung flowers must be treated 
separately. 

60. The leaves arise from and mark the nodes (§ 44) of the stem ; 
and it has been already stated that it is at the nodes, in the axds 
of leaves (§ 43), that lateral or axillary buds are as a general rule 
produced. From this it follows that the arrangement of the leaves 
must be of great importance, not only in reference to their own re- 
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lative positions, but as. detennining more or less completely tbc plans 
of ramification of stems. It is found that the modes of arrangement of 
leaves are in accordance with certain general laws ; and a particular 
study of these laws has been pursued, under the name of Phyllotazy. 

61. Leaves exhibit two principal types of arrangement : either 
they are solitary, one only 


occurring at a tiode, or 
two or more spring from 
the stem at the/ same 
level,. When the leaves 
stand alone, they are said 
to be cdternate or scattered 
(fig. S’jT) ; where two stand 
at the same level, facing 
one another, they are called 
opposite (fig. 3S) ; and if 
more tlian two originate 
from one node, forming a 
circle, the leaves arc called 
>horled or vertieillate. 


Fig. 87. 


Fig. 38. 



Fig. ^7. DiaprAm of tho arrangiMncnt of alternate diBti- 
choua * 


10 U 8 leaved. 

Fig. 38. Diagram of the arrangement of decuBsatc oppo- 
cry rarely two leaves ap. “"f tetraatiehoua leave.. 

]^ear to spring from the same node, as in what arc called peniinate 
leaves (Solanum), This condition is supposed to arise from irregular 
displacement and partial adherence of one of the leaves to the stem. 


Keally whorled leaves are not so common as is sometimes imagined, 
the whorled condition being imitated in some cases, as in many Stel- 
latro, by an excessive development of interfoliar stipules ; truly whorled 
leaves ^are seen in Paris and MyriophyUum. Ileprestmtntives of the two 
principal types are found in the embryo of IMonocotyledons and Dicoty- 
ledons — ^the former having a solitary cotyledon, the latter having two, 
placed the one opposite to the other (fig. 2) ; but this opposite arrange- 
ment of the cotyledons is not always associated with a like disposition of 
the true leaves. 

62. Alternate leaves exhibit many modifications of arrangement. 
Sometimes they arc truly alternate ; that is, the second leaf is exactly 
on the opposite side 6f the stem from the first, and the third exactly 
over the first: .a series of leaves arranged in this way form two 
perpendicular rows. Such leaves are termed dis^lwus or two^ranhed 
(fig. 37) ; examples of which are found in the Grasses. 

If the second leaf is not opposite to the first, but at a point dis- 
tant from it one-third of the circumference of the stem, and the 
third leaf one-third further round, the* fourth leaf, likewise distant 
one-third from the preceding, will stand over the first. Leaves so 
arranged form three perpendicular rows, constituting the trMchous 
or ihree-^ranked arrangement, which is common among the Mon^ 
cotyledons (fig. 89). 
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63. Now, when a line is drawn round. the stem so as to pass 
regularly from leaf to leaf, we find that its course is spiral. In the 
distichous case the spiral line commencing at any given leaf com- 
pletes one circuit and commences a new one at the third leaf ; in 
the tristichous arrangement the spiral completes one circuit and 
commences a new one with the fourth leaf (fig. 39). The series of 
leaves included by the spiral line in passing from the first leaf to 
that which stands directly above it is called a (fig. ' 40) ; the 
fractiqp of the circumference of the stem, which measures the distance 
between any two succeeding leaves in a cycle, is germed \he anaukir ' 
divergence, which in the distichous case is one-half (|), iji the J;n- 
stichous one-third ( 3 ). These fractions not only represent the an- 
gular divergence, but also the entire character of the arrangement ; 
for the numerator, as is seen, indicates the number of turns of the 
spiral forming a eyVe, while the denominator expresses the number , 
of leaves in that cyde. 

In the nentcistichovs, quhtciindal^ or Jive^ranJeed arrangement of 
loaves the conditions are more complex. The sixth leaf of course 
stands over the first (figs. 41 & 42),, commencing a second cyde ; 
but the spiral line passing through the first five leaves makes txoo 


Fig. 40. 



Fig. 39. Projection of the | arrangement. 

Fig. 40. Horiaontol proiootion of a oyole of the ^ arrangement 
Fig. 41. Projection of the J arrangement. 

Fig. 42. Horiaontal projection of a cyde of the § arrangement 

circuits round the stem ; moreover the successive leaves stand at a 
d i st a nce from each other of two-fifths of the drcumference of t he 
stem; and therefore tlie expression of^the angular diveigcnco, |, in- 
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dicatcs also the number of turns round the stem in the cyclc^ and 
the number of leaves in the cycle, os before. 

The relations here existing are found to hold good when further 
carried out. The next degree of complexity of the arrangement is 
where eight perpendicular rows of leaves exist, and the ninth leaf is 
over the first. In this case the spiral takes three turns in completing 
the cycle ; and the expression denoting the turns of the spiral and 
the number of leaves in a cycle, also corresponds to the angular di- 
vergence of the subcessive leaves. 

When we place«^he foregoing figures together, thus V |, f, it 
wil) be 0|]bserved that each fraction has its numerator composed of 
the sum of the numerators of the two preceding fractioDs, and its 
denominator of the sum of the two preceding denominators ; and it 
is really found that all higher comph cations, in. normal conditions 
of stems, exhibit some further indication of the bamc ratio, and are 
marked successively by &c. 

Tke simpler forms of airangement are the most common ; those marked 
by higher fractions ore chiefiy found in plants with the leaves much 
crowded, as in the House-leek and its allies. The scales of the cones of 
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the second spiral 2, 4, 6, 8, 10, &c., we define our first two secondary 
spirals. Next we shall find, that by passing through 1 , 4, 7, 10 (fig. 44 c-c), 
&c., we mark a spiral running to the right hand, more oblique than the 
first two, and we find that there are two other spirals parallel to this 
right-hand spiral, running through 3, 6, 9, 12, &c., and 2, 5, 8, 11, &c., 
maldng three of these right-hand spirals, whose scales ha^c numbers in- 
creasing by three at each step. Next, turning to the left again, we find & 

Fig. 44. 



Cone of Fimu SUroftiM, with the eoelei in the ■Ar amagement. 

still steeper spiral ascending from 1 through 6, 11, 16 (fig. 44 d-cf), &c.. 
the numbers in the scale having a common di^rence of 6, while five ox 
these spirals are found lying parallel, viz. running through 2, 7, 12, &c., 
8, 8, 13, &c., 4, 9, 14, &C., and 6, 10, 15, &c. Fourthly, we take anolher 
spired line to the right, through 1, 9, 17, 25 (fig. 44 e-e), and we find eight 
spirals of this order, the other seven beiqg numbered respectively 2, 10, 18, 
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&c., 3, 11, 19, &c., 4, 12, 20, &c., 6, 13, 21, &c., 0, 14, 22, &c., 7, 15, 23, &c., 
and 8, 16, 24, &c. If we attempt to find another spiral between the right- 
hand, 1, 9, 17, &c., and the last left-hand one, 1, 6, 1 i, &c., we find that 
we go from 1 to 14, and this stands directly over 1 (fig. 44 a-a). It 
therefore completes the fundamental spiral of the whole arrangement : 
the difference Wween it and 1 (13) gives the denominator of the fraction 
expressing the arrangement ; and, as has been shown above, the regular 
numerator of ^his number is 5, making And in this case we shall 
find that a line passing regularly through 1, 2, 3, 4, &c., to the left-hand, 
will make five turns round the cone ^fore it terminates at 14, imme- 
'diately over 1. 

The fraction expressing the fundamental spirtil in this ease, yV> mi^ht 
also t>e deduced from the number of parallel secondary spirals. Taking 
the orders of secondary spirals nearest to the vertical line, on each side, 
right and left, the number of parallel spirals of the lower order of thesft 
two will give the numerator ; and this number, added to the number < 
jparal^el spirals of the higher order, will give tlip dej^ominator. Thus, in 
our example, the two highest oiders arti those runnin,^ to the left through 
1, 6, 11, &c., and to the right through 1, 9, 17, ^tc. There are 5 paralh 
spirals of the 1, 6, 11 order, which gives the numerator, and 8 of the 
order 1, 9, 17, &c. j and 8+6^ves 13, 

64. T]|^perpendicular distance between the points of origin of 
successiveHmves is dependent simply on the degree of dcvelopmen 
of the intemodes of the stem, ^ese may be so short that, as in 
the common Stone-crop {Sechim acre), Araveana imbricata, &c. the 
leaves overlap more or loss along the developed axis ; such leaves are 
termed imbrim^i and this condition is very common in the leaf- 
scale foms of tnc leaf. A great number of well-developed leaves arc 
often crowded together by the non-dcvclopmcnt of intemodes at the 
base of the flowering stems of perennial herbs, such as the various 
^fiaxif^ageSfthe Turnip,Dandolion,&c. ; and where 
these so-called ** radical” leaves arc arranged 
with sonfe regularity, and spread out horizont^y 
as in the House-leelb, they are said to be romlaUi 
(flg.43). 

A somewhat similar condition occurs upon 
branches of some trees, on which a number of 
leaves appear to spripg from one jmint, as in the 
Larch (fig. 45) and the Berberry; the collections 
of fcM^leulate Idaves really belong to a branch 
the intemoSes of which are not developed, so 
that they all spring at once from the leaf-axil 
in which the branch-bud was formed. 

In other Conifers, the number of leaves in these bundles is smaller, and 
vuxy regular and characteristic; e.^., in IHntu eyhmttie two leaves are 
&U8 associated, in P. Cemhra three, in P. 8tratm nve^ See. In those buds 
ef the Larch which afterwards unfold into shoots, the transition from a 
fasciculate into a regular spiral aiyangement becomes evident. 


Fig. 45. 



FMoumlAte learet of 
the Laroh. 



THE LEAF. 


45 


65. Opposite and whorled leaves likewise exhibit great regularity. 
The number of leaves in a whorl is here also sometimes expressed by 
a fraction, which is enclosed in a parenthesis ; the denominator in 
this case indicates the number of leaves in one circle. 

Examples of these in true leaves are furnished by the following plants. 

(I) plan (opposite leaves). Pinks, Labiatae. 

( J) „ Lysimackia mdgaris^ Myrica Gaie, TnUiuniM 

( 1 ) „ Paris quadrifolia. 

(!) „ MyriophyUum pectinaiMm^ 

Sometimes th^ numbers vary on ditferent parts of ^e same stem, as in* 

Hippuris. 

6b. When |paves are opposite, the pairs are 
mostly alternate ; that is, they cross at right an- 
gles, the third pair standing over the first. Such 
leaves are called decimate (fig. 46). “With whorls 
of three Icu^ves, again, wo usually find a similar 
altoruation ; the leaves of the second whorl stand 
the ihccrvals betweeu +hose of the first, the 
Icin-es of the third whoi- standing over the 
leaves of the first. .1 n each of these cases, there- 
for . we have, a kind of cycle ; and other cases 
octiir i * which the cycles are not completed by 
'wliorls, but the leaves of the 3rd, 6th, 8th, 
ii whorl, &c. stand diroctl)’* over those of the 
*ir.... This shows the exi^-^enco of a spiral plan 
analogous to that rcjgulating the arrangement of 
ulteniate leaves, with tht same numerical ratios ; and these many- 
whorled cycles exliihit secondary spirals analogous to those of the 
higher plans of the alteniate leaves. In many fossil plants thft pairs' 
of leaves do not alternate, but are plac^ directiy one over the othcr.^ 

It is evident that if the intemodes between the component leaves 
of any individual spiral cycle were undeveloped, while those betweeu 
stoiceHsive cycles were lengthened, a verticillate arrangement would result. 
In. certain plants (for example, the Myrtle, the Antirrhinum) alternate 
and opp<yite leaves o^ur on the same stem. This is the case also in those 
.Dicotyledons where the true leaves succeeding tlm opposite cotyledons 
are alternate, as in the Scarlet Bean, Mustard, &c. The arrangeqieut of 
the leaves in the manner above indicated is to a great extent connected 
with the disposition of the fibre- vascular bundles of the stem. It should, 
however, be stated that the arrangrement of the leaves on the steA is not 
^ways the same as that oh'th^ranches. i - ■ — ^ > 

67. Certain terms ore in common use in descriptive works to 
indicate the absolute position of leaves upon the stem. The name 
radiml leaves is applied to those, usually of larger size than the rest, 
which are often found collected at the base of flowering stems of 
herbaceous plants, such as the Dandelion, Lettuce, Turnip, Plantaga 


Fig. 46, 



Diagram of decuHsating 
pain of leiivra. 
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(fig, 10), &C. The ordinary leaves of the stem are sometimes distin- 
guished as caidine or gtem-leaves, while the term rama^l is occasion- 
^y used for those on the shoots of trees and shrubs when these 
present special characters. 

The leaves belonging to the inflorescence are called bracts. Their 
phyllotaxy agrees with that of the stem-leaves. — — 

68. The p»intj where a leaf springs from the stem is commonly 
called the itisertm i. Leaves are either articulated there, separating 
;vhen dead by a distinctly characterized line of fracture, or they merely 
wither down, and Lave their bases as a ragged covering to the stem ; 
<;ho latter* condition occurs mostly in leaves with sheading bases. 

69. A perfect leaf is divisible into two regions (fig.VlT) — the blade 
yr lamina (6), and the leaf-^stalk or petwh (c) ; the latter, when pre- 
ient, may bo more or'less completely represented by a sheath or 
fagina (a), partly or wholly embracing the sfcm from"wEicETE 
irises. At the base of the petiole often occur distinct leaf-like ap- 
)end‘ages, called stipules. All parts of the leaf — blade, stalk, and 
tipules — are much*Sibjcct to modification, and may even exist in th*c 
brms of tendrils^ spines^ pitcherMJee organs, &c., very unlike regular 
eaves. These metamorphosed leaves, or parts of leaves, are best 
roated of separately. 


Fig. 47. Fig. 48. 



DugnmoftheregionBofaleaf: A italkfid leaf. 

0, aheath; ft, bliSle ; e, atalk. 

The stalk-like petiole (fig. 48), most common in Dicotyledons, always 
Ml the base slightly widened out at its point of emergence mm the 
lem ; in the leaves of Palms, the Banana, Scitaminese, &c., the base is 
ipanded so as to embrace the stem, while in the GFzasses the petiole is 
itirely repmsented by a sheath (fig. 62). The green part of the leaves 
f the Hyacinth and other bulbous plants is the blade, and will be found 
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continuous below with a colourless^ fiesbj, petiolar portion, fonning one 
of the coats ” or sheaths of the btdb (fig. 16). 

70. The leaf may, however, be represented by one only of the 
regions. It is very common to find leaves without distinct petioles, 
the blade springing directly from the stem ; such leaves are called 
sesstZe 49). On the o^cr hand, the petiolar region may exist 
without the blade ; and among the cases of this sort a considerable 
variety of conditions is met with. Petidar structures, devoid of 
laminap^ and more or less reduced to sSlesor memfomious^ 

are commonly^ louhd on subtch*anebus sim-iiiuctures, such' s« 
bulbs, rhizomes, &c., whence we have denominated this pact of Jihe 
stem the “ leaf-ccale region ” (§ 45). Similar scales appear in place 
of green loaves in the true-leaf ” region of various parasitic plants, 
such as Orohanohe, in which the leaves have no physiological function 
to perform : and thc;^ recur periodically on the stems of arboresqpnt 
plants which form wmter-buds, in the shape of bud-scales. In the 
true-leof region the blade is either supported on a stalk-likc*or 
slu^athing petiole, or is sessile. The seside condition is generally 
more common toward the upper part pf stems and shoots ; and in 
the bracts or leaves belonging to the indoresccnce the petiolar region 
is comparatively seldom developed. The first leaf ( Vorhlatt of the 
(xermaus) on a branch in many Monocotyledons, and in some Dicoty- 
ledons, is of a different form from the rest. 

71. In some families the true-leaf region is clothed with petioles 
expanded into the form of lamina) ; these are called phyllodes (figs. 
50 & 51), and in such eases tlie true laminar region is often partiaUy 
or entirely suppressed. 


Jig. 60. Fig. §1. 



The tranution from* the petiolar leaf-scale oigans into perfect leaves 
^th sheathing petioles may be observed not onw in bulbs, but in many 
Grosses with creeping stemsi whidii exhibit, at the junction of the leai- 
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scale and true-leaf re^rions, slieatlis surmuunted by short green lancet- 
shaped lamina^ increasing in length in successive leaves. 

72. When the petiole appears as a distinct Icaf-stalk, it is often 
accompanied by a pair of more or less distinct foliacoous appendages 
at its base, called stipules. When these exist, the leaf is called ate- 
pulate (fig. 56); when they are absent, exstipulafe. 

The prese^nce or absence of stipules is often a very regular character of 
Natural Orders, * The various forms of stipulate petioles form a kind of 
transition to the petioles with sheathing bases. 

73. The petioh is usually of semicyHndrical form, with the fiat 
surface above ; not unfi'equently the upper surface is channelled 
(jcanaliculate), giving a more or loss crescentic SQction; in a few 
instances, especially in the Aspen, it is laterally compressed. Where 
it is round or cylindrical its structure is like that of a branch. 

The stalk-like petiole is either shnnh, whe^ it suj)ports a single 
blade, or it is branched or commund, when the blade is composed 
of,a number of distinct leaflets; the branches are sometimes called 
partial •petioles, and may even be articulated at their i^ints of oric;in 
&om the primary petiole. ,, 

Compound petioles supporting the leaflets of compound leaves are 
known from branches by arising independently from the stem, by having 
buds in their axils, and by the absence of any indication of a leaf imme- 
diately beneath them. 

74. The flattened or leaf-like petiole, called s, pliyUode^ resembles 
ia lamina, but is known by standing edgewise on the stem — that is, 
with its flat faces parallel with the direction of the stem ; in some 
cases phylhdes exist without true lamincD, in others the lamiiim are 
more or less developed at the summit (fig. 51). 


Fig. 54. Fig. 55. 



Sd. Leaf-sheath of a Graea, with an entiffs liaula. 
Fig. 53. Leaf-sheath of a Grass, with a bifid UgMa. 
Fig. 64. Leaf'sheath Kd Eritnlkorwm, 

Fig. 66. Sheathing l^ofthe petiole of 
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Striking examples oiphyUoMa with or without laminse are furnished by 
various species of Acacia 50 & 06), in many of which the blade is 
present, compound and bipiimatc. 

75. The sheathing portion or vagina is the only portion of the 
petiole which is developed in certain plants, as in tlhie Grasses and 
Sedges (figs. 52-54), in which it forms a complete sheath to the stem, 
and passes at once into the blade at the top : this sheath is merely 
rolled round the stem in the Grasses ; but its margins are confluent, 
so as tg form a tube, in the Sedges. The vaginal* petiolar region is 
more or less distinctly evident in many Monoc^tyledonous leaves 
which at first sight ai>pear to be sessile, as in the Tulip, Hyacinth, 
&c. ; and it is gtnerally more or less developed at the base where a 
distinct leaf>stulk exists in this class, as in the Palms and, above all, 
in the Musacem. In many Dicotyledons also the base of the stalk- 
like petiole is eTiiarg^d into a sheath, as in Umbellifers (fig. 55)« 

76. Sometimes the stalk-like petiole is winged {alate\ as when a 
narrow plate of the blade structure springs from its margins; in cer- 
tain cases these wings are decurrmt down (or, rather, are continuous 
with the sides of) the stem from which the leaf arises, as in many 
Thistles, Verbascu7n, drc., producing a winged or alate stem. 

77. 1^0 petiole is ordinarily more or less distinctly jointed to the 
stem; and when the leaf falls, it leaves a more or less extensive well- 
defined scar upon the stem, called the cicatrix : in woody Dicoty- 
ledons there is generally a little protuberance under the cicatrix, 
which is termed the fidvinm. In Monocotyledons the cicatrix is 
usually very broad, from tlic base of the petiole embracing the stem 
widely. In some cases the petiole is not regularly disarticulated, but 
withers down ; but then the decay generally terminates at a detoite 
point a little above the base, leaving a portion of the latter in* the 
iorm of a scale-like or tooth-like process projecting from the stem. 

Tooth-like processes left by the decay of the petioles may be seen on 
the undciground stem of the common Pnmrose &c., and on the trunks of 
certain Palms. 


78. The stipules or leaf-'like appendages of 
the petiole usually stand at the base of the pe- 
tiole, one on each mde, free or adherent to it 
(fig. 66). Tha free leafy stipules are sometimes 
Idghly developed, and in Lathyrus Apham they 
exercise the functions of the blade, the leaves 
Df this plant consisting merely of Jt petiole de- 
stitute of a lamina. When the ^jllrgins of the 
stipules next the petiole are continuous with 


Kg. 66. 



stipules. 


hey ue called adnaU (fig. 57). They are also often united by their 
!uarginB independently of the petiole, or,4n other words, are not sepa- 


n 
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rated from each other (^nimte ) : thus in the Plane tree and in Astra- 
galus they are united* ty^eouter margins (turned away from the 
petiole) so as to form a kind of leaflet on the opposite side of the 
stem ; in Potamogeton they are united by their inner 

margin dver' &e petiole, so as to form a compound aaill-api stipule ; 
in the Polygonace® they are not only united on this side^ but also 
by their outer nq^argins on the other side of the stem, thus forming 
a short tubular sheath round the latter, called an ocrea (fig. 58). 
All the above cases relate to stipules of single leaves^; tut similar 
coherence or lack of disunion occurs in the stipules of opposite leaves, 

Fig. 67. 

Fig. 68. 


Coanpoiud (pinnate) leaf of tlu; Rose, Oorea of Folygonum. 

with adnate stipules. 

where it is not uncommon to find the two stipules which stand be- 
tweftn the leaves, at back and front, more or loss confluent into a 
single leaf-like or scale-like body ( internetiolar stumle) , so as to form 
a kind* of whorl with the true leaves. 

This interpetiolar confluence of the stipules is very characteristic of the 
Order Rubiace® ; and the apparent whorls of the SteUaim ( Galtum, &c.) 
often exhibit a confluence of the highly developed leaf-like stipules. 

79. At the summit of the sheath of the leaf of Grasses exists a 

litUo membranousiscale, connecting the blade with the epidermis of 
the stem ; it is either entire or forked at the top (figs. 52 & 53) ; this 
structure, called the is a mere excrescence from the stalk. 

The stipules of ^me plants fall off at an eorlyperiod. This is the case 
with the interpetiolar stipules of various Rubiaceous plants. It also 
occurs commonhr when the stipules Joinn envelopes of the leaf-buds, as in 
Magnoliace®, Piem dadica^ the tree, &c. 

80. Smidl secondary stipules exist at the base of the partial pe- 
tioles of some compound leaves, especially of Leguminos® (JDesmo- 
Hum) ; they are c^ed stineb (stipdlai). 
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81. For convenienco of description the stipule has been here 
treated as if it were uniformly of the same nature, varying only in 
form, position, Ac. In point of fact, however, the morphological 
nature of the stipules varies in different plants : sometunes they re- 
present mere excrescences from the petiole ; at other times they con- 
sist of the lower leaflets of a compound leaf {Lathyrus)^ or they may 
be leaves formed on a contracted and rudimentary axilkry branch. 

82. The lamina or blade (flg. 47 h) of the leaf constitutes the most 
important pa^^: of the structure, and exhibits the greatest variety in 
its forms, which latter requii’c to be studied in sTetail, as they often 
furnish thQ principal characters for the discrimination of^pecies of 
Flowering Plants and Ferns. It is ordinarily a flat plate, possess- 
ing an nwer and lower surface, turned respectively towards the sky 
and the earth, two margins^ a 6agg, and a summit . 

In plants of succulent habit the thickness of the leaves is often so ^eat* 
that tho sides are as broad as the surfaces, or they are more or less 
confounded in a q/lindrical, prismatic, or some similar form (Mesen^rffan- 
tkemum) ; and similar external forms are presented by the cylindrical or 
flattened iistular leaves of the Onion Ac.^ 

83. If the blade stands alone upon an undivided petiole, or is ses- 
sil(.‘ on the stem, it is called snniole (fig. 48). Where the petiole is 
branched, and bears more than one distinct blade, the leaf is gom - 

5 ' (fig. 67), and its separate blades are called Both simpe* 

and leaflets may bo entire — that is, the blaSe may be undivided 
at its margins ; or it may’^be'more or less deeply incised or lobed. 

84. The general form of simple and compound leaves, and tho 
character of the subdivisions of the blade of simple leaves and of 
leaflets, are associated with the plan of arrangement of the skeleton 
of the leaf. The solid framework of leaves is composed of woody 
structures which when large are usually termed rjbs (costas), the 
small divisions being called indiflerentlv nerves or tSms. The plan 
of arrangement of the framework is called the venation ; the ordinary 
custom is to call tho principal ribs mrves, and the smaller branches 
veins. When a distinct principal rib, continuous with tho petiole, 
exists, it is called the midrib. 

The superabundance of terms is on inconvenience here as in many 
other departments of Botany. Where it is necessary* to select, it is 
advisable to choose those teiins which are least objectionable gs not 
involving hypothetical notions of function j but Ihe term nerve may be 
regarded as figurative. 

85. The modes of nervature of leaves may be dassed under four 
principal heads : — 

!• StraidhU ( Mia r)araJlelinervia\ when (with 

or without a midrib) the principal ribs run in more or less pa- 
rallel lines from the base to the summit (fig. 69). 

u 2 
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2. CuTvmmed (/. mrvmervia)^ when tho principal ribs run in 
curves from the base to the summit 60), or from the mid- 
rib to the margin (fig. 61) — differing little from the foregoing, 
but occurring in broader leaves. 

3. Pdlminerved (/. palmviiemm\ when the principal ribs radiate 
from a point at the base of the leaf (fig. 62). 

4. Pennmerved {f,pminmervia\ when the strong midrib gives oft’ 
the side-ribs at a more or less acute angle, like tho blades on the 
shaft of a feather (figs. 61 & 63). 

The term trinh-mirved ( is sometimes used for a modifica- 
tion of No. 4, approacliiug to No. when the midrib gives oft* on (!aeh 
side near the base a strong side-rib, which runs up wi.,hiii the margin 
towards the simimit. Fvather-ribhed (pmntfierved) and hmul’-Hhhvd (^pal~ 
minerved) leaves are most common among the l)icotyledons, but they 
^ occur also in many Monocotyledons, — the former, for example, in most 
' Palms, Musacese, ZingibeiBce^e (fig. to), &c. ; the latter in the Fan-palm, 
Smilaceae and Uioscoreaceae, &c., where there is a transition to the curved- 


Fig. 50. 



Fig. 69. A paiAllel-nrrved leaf. 

Fig. 60. A ourvinerved leaf of Oloriota mpffha^ tenninating in a tendril. 
Fig. 61V A penninerved leaf of Otinna, witn curved aeoonda^ nerves. 


ribbed condition (fig. 60), which, with the straight-ribhed (fig. 69), is moat 
common in the Monocotyledons. Straight-rimed leaves occur not unfre- 
quently in Dicotyledons, as in Ijithyrue &c. The most important distinc- 
tion in the ribbing of the two groups is, that in Dicotyledons the main 
rib or ribs branch repeatedly at more or less acute angles, and anastomose 
by their slender twigs, so as to form a netted or reticplar framework ; while 
in Monocotyledons the branches passing from the main ribs go off nearly at 
right angles, become suddenly much more slender, and form a kind of square 
iSticed or oancellate framework ^hen they are strongly developed (fig. 69). 
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86. The general outline of leaves or leaflets is indicated by certain 
technical terms, such as : — circular or orhicuTar {Hydrocotyle^ Tro-- 
p(Polwn majvs) (fig. 80) ; roundish or suhrotund, approaching the 
foregoing (fig. 64); elliptical (fig. 65); ovate^ egg-shaped with the 
broad end nearest to the stalk (fig. 66) ; ohovate, the same shape, with 
the narrow end nearest to the stalk (fig. 67) ; lanceolate or lance- 
shaiHMi (fig. 68) ; sagittate or arrow-shai>ed (fig. 69) ^ hawtate or dart- 
sha])ed (fig. 70) ; cordate^ the shape of a heart on playing-cards, with 
the br«>ad end jiejirest to the stalk (fig. 71) ; obcordafe, tho same shape, 
with tho point attached to the stalk (fig. 101) ; ^mform or kidney- 
shaped (fig. T2) ; rhornhoidal ; triangvAar ; or the reverse of ttiis, 
cuneate or wed^jc-shaped (fig. 81) ; ddtoid ; spathvlate or spatula- 

Fig.64. 



A palminervcd A penninerved A enbrotond, entire, 

serrate leaf. entire leaf. penninerved leaf. 


shaped (fig. 73) ; ensifonn or sword-shaped (as in the Garden-flag) ; 
linear y a long narrow form with parallel margins (fig. 74) ; fvbulaie 


Fig. 65. Fig. 60. 



55* 4® serrate leaf. .Fig. 67. An obovate entire leoL 

Fig. 66. An orate, aonte, and dentate leaf. * Fig. 68. A lanceolate 1^. 
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or awl-shaped, a slender, short linear form soon ending in a point 
(fig. 75) ; acerose. needle-shaped and rigid (Fines, Juniper, &c.). 

87. I^motimes the forms are intermediate between some of the 
foregoing, in which case two of the terms arc combined, such as 
wat&-lanceolatej signifying a leaf broader than lanceolate^ and with 
the lower half wider, as in ovate ; linearAanceolatey a long and nar- 
row lance-shaped blade, and so on. The term ohlique is applied to 

Rg. 69. 



A haatatc leafL A u^ttsto leaf. A cordate and cuspidate leaf. 

leaves where the portions on either side of the midrib arc unequal, 
as in the Begonias, Lime, Elm, &c. (fig. 76). 

Fig. 76. 



Fie. 72. A renifonn crenate leaf Fie. 74. A linear leaf. 

Fig. 73. A spathulate leaf. Fig. 75. A subulate leaf. 

Fig. 75. An obliquely cordate, serrate, and acuminate loaf. 


88. Special terms are also required to describe the character of 
the base of the leaf. Thus, cordate at the hose may be added to ovate^ 
ettijpHcal, or other form, wheife this conditioii exists ; if a sessile leaf 
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has a cordate base, it becomes aurieylatf or eared (fig. 77) when 
the borders arc free, am fUxka^d or elasying if they adhere to the 
stem. The last form is a transition to the decurrmt state (§ 76). 
When the posterior lobes of a sessile leaf extend round the stem 
completely and become confluent on the other side, the stem appears 
to run through the leaf, and the leaves are called j>erMgLe,( fig. 78 i ; 
when the basilar lobes of a pair of opposite leaves cohere on each 
side, so as to produce a similar condition, the leaves are termed coyi- 
nate (fig. 79). Sometimes the blade is gradually narrowed towards 
thcTpetiole, an^ becomes aXimuated at the base ; yjhcn the blade passes * 
still more gradually into a broad-winged stalk, a spathulate form 
results. 


Fig. 78. 



An. auriculalo l(*af. A perfoliate leaf. Connate leaTes. 


89. Another character relating to the base is 
the mode of attachment of the blade to the pe- 
tiolc. Usually the midrib, or set of primary ribs 
of the blade, is in a direct line with the petiole ; 
but sometimes the ribs, as they pass from the 
petiole into the blade, separate and radiate from 
the top of the, stalk, so that the latter appears to 
be inserted into the hack of the leaf ; such a con- 
dition is called peltate^ and occurs in NelumhiurUy 
Tropmlum mapia, and other plants with or6t- 
cular leaves (fig. 80). • 

90 The apex or point of the leaf has certain 
characters ; it. may be cusute^ or sharp (fig. 66); atuminatef 
or with the point rather drawn out (fig. 76) ; cuspidate, 
with a more produced, slender, sharp summit (fig. 71) ; or 
mucroruite, when it is tipped with a spine (fig. 81 ). It may 
also be obtuse, when an ordinarily pointed form is suddenly 
rounded off at the tip ; emarginate, when there is a 
shallow notch where the point should be ; retuse, when a 
notch of this kind is deep ; this last form approaches to 
the oheordate (fig. 101). 

91. The of the leaf are either mrirs, that is, with 


Fig. 80. 




A peltate leaf. 


Fig. 81. 


A enneate 
and muoro- 
nate leaf. 
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an unbroken edge (llg. 64) ; eremte^ when they exhibit a series of 
small rounded teeth or scilops (fig. 72) ; dentate^ when the teeth 
are acute and pointed radially (fig. 66) ; serrate, when sharp teeth 
point towards the apex (fig. 76) ; retrose'rrate, when sharp teeth 
point towards the base. If there are coarse teeth, the margins of 
which are again more finely toothed, as in the Elm, the leaves are 
dovJdy serrate (or doMy dentate). Sometimes it is requisite to say, 
irregularly toothed, or incised, as in many Thistles ; and these tooth, 
as well as those of regularly dentate or serrate leaves, may he tipped 
with spines, when^ they are termed spimse-^enate, &c. When the 
outline exhibits shallow wavy curves, it is sometimes called repentd 
(figs. 79 & 80). The margin may also be revolutei or rolled back 
toward the lower face (fig. 68) . Sometimes, through excessive^ growth 
of the marginal parenchyma, tho edges of the leaf are undnlated (as 
, whpn the edge of a strip of paper swells from being wefted (figi^8 ). 

92, A very large number of simple leaves, and of leaflet s of compound 
lea;'es, are dinded more deeply between the principal ribs ; to such 
the general name of lohed leaves is often applied, and the more or less 
distinct parts are called lobcq : thus wo may have hilohed (fig. 82), 
trilohed (tig. 83), and so on, according to the number of tho divisions. 


Fig. 84. Fig. 85. Fig. 86. 



Pig. 82. A bi]obf>d leaf. Pig. 84. A pinnatffld leaf. 

Pig. 83. A trilobed leaf. Pig. 85. A pinnatiiMUtito leaf. 

Fig. 80. A lyrato leaf. 

93. But it is found ro<juisito in Descriptive Botany to subdivide 
lobed leaves into more definite classes ; of those there are two prin- 
cipal types, defined by the character of the rihhing. When the 
ribs are arranged on the feathered, plan, we first take tho prefix 
pinnhti^ {feathered), and subjoin to this a word indicating tho degree 
or kind of division, thus ; pinnatifd (feather-cleft), if the broad 
notches between the lobes extend from the margin to about half- 
way between this and the midrib (fig. 84) ; pinnatipartite, if tho 
notches extend nearly to the midrib (fig. 85) ; pmnatisect, if the sepa- 
rate lobes are almost fireo, and merely connected by a narrow strip 
of parenchyma. Certain loira frequent modifications oi those forms 
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of the feathered typo arc conveniently distinguished by technical 
terms, such as: — sinuate, a form either of the pinna iiJidoTpinTiatisecf 
leaf, when the excavations and the apices of the lobes are rounded, 
as in the common Oak -leaf \Jyrate, a pinnatihd or pinnatipartite 
leaf, with the end lobe much larger than the rest (tig. 86) ; 
cinaU, a hjrate or simply pinnatijid leaf with the points of the lateral 
lobes turned towards the base, as in the Dandelion. When the in- 
cisions arc deep, but very irregular in size and form, the term fea- 
niale is sometimes employed. 

When the ribs have the palmate arrangemenif, similar terms arc 
subjoined to tly ptehiL palmi^ or palmati-, palmijid {h^,%l),*paU 
misect (fig. 89), sjnApdlmipartits (fig. 88), according to the depth of 


Fig. 88. 



A palmifid leaf. A palmipartite leaf, the lobes imdiilated. 


the divisions. A special modification of this type occurs not unfre- 
cpiently, when the lower or outer ribs, and consequently the basilar * 
lobes, turn back more or less towards the petiole : such leaves are 
generally deeply cut ; but the general prefix pedati’^ may be used in 
the words pe^itifid, pedatisect, or pedatipartHe (fig. 90), according 
to the rule given above. 


Fig. 89. 



A palmised; Icall 


Rg.90. 
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The hUobedf tritohed, quinquehhedy and similar forma are usually re- 
ferable to the palmate type, and should be more definitely named if they 
occur in a ^*nus where the leaves exhibit many of these forms in a comtant 
manner ; if the leaves are inconstant in the depth of the divisions, these 
more general names are preferable. 

94. Simple loaves divided on the feathered plan exhibit also more 
complicated conditions. The primary lobes of a pinnately cut leaf 
may be subdivided again in the same manner, and the secondary 
lobes again into tertiary lobes. These are named on the sam^ piin- 
ciples, bipinnati- or tripinnnti^ •fid, -seet, or •‘partite, according to 
the 4egre3 of division of the last set of lobes, i, e. of the secondary 
lobes of bipinnatidd (dg. 91) and the tertiary of tripinuatidd. When 
the leaves are subdivided a fourth time, or even where tripinnatisect 
leaves have filiform segments, the term disseeted is usujilly employed. 

« the foregoing paragraphs wc have endeavoured to exclude those 
numerous technical terms which arc either indefinite or superduous, 
and>may bo relegated to glossaries. It must be borne in mind that the 
terms above dedned are applied in a similar manner to the leaflets •»)f 
compound leaves, nexj^ to be described, being subjoined in description to 
the terms which dedne the plan* and degree of division of the petiole. 

95. Compound leaves arc such as liavo the petiole branched once 
or more times before it bears blades ; the branches of the petiole 
are called partial petioles or petiolules^ and are often articulated to 

'the main petiole, which in this case is occasionally termed the 
rachis, Stipels occur at the bases of some partial petioles. The 
separate blades of the leaf are called leaflets (foliola), or pinn^ . 
Compound leaves may be classed generally into siraidy, doubly, 
triply compound or decompound {supradecomposita), according to 
the number of successive branchings of the petiole. The ramid- 
cation follows the same types as that of the ribs of simple leaves, 
and exhibits analogous subordinate modidcations. 

Piwmte leaves are such as have a rachis bearing sessile or stalked 


Fig. 91. Fig. 92. Kg. 93. 



A bipinnatUld Ab Imparipinnste leaf. A paripumate leaf. 
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lateral leaflets arranged on the feathered plan. Sometimes there is 
an odd terminal leaflet, when the leaf is uneqvany or imvari-^ mnnate 
(fig. 92). When there is no end leafiet, the leaf is abruptly or 
part- mnmte. (fig. 93). Interruptedly pinnate means that the oppo- 


Fig. 94. Fig 96. 



TN'g. 04. A liinate, geminate, or unijngate piimate IcaH 
Fig. 05. A bipinnate leaf, the piniiv unyugate. 

Fig. 96. A bipinnatc leaf, the multijugate pinn« poripinnate. 

site paira of leaflets are alternately large and small, as in Agrtmonia. 
The pairs of leaflets are sometimes called and if only one pair 
exists, the leaf is unijugate (fig. 94) ; if more pairs, multijugate. If, 


Fig, 97. 



A bipinnate leaf, the ninnm imnariniimaie. 


Kg. 98. 



A teinmnate leaf. tbi» toimimi imparioinuaie. 
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the leaflets are not in pairs, but alternate with each other, the leaf is 

e formed when the main petiole bears secondary 
leaflets pinnately arranged (figs. 95-97). Tri- 
jpinnate loaves exhibit an additional (tertiary) series of partial petioles 
with distinct leafiets (fig. 98). When the division goes beyond the 
third degree, •'the loaves are called decompound (fig. 99) ; but it is 
more common to find bipinnate or tripinnato loaves with their 
• leaflets pinnatifld, -partite, &c. ' 

Palnmte (or digi&te) leaves are such as have a number of distinct 
leaflets arising from one point, like the ribs of a simplp loaf when the 
plan is palmincrved. Bi- or tnpahmtte loaves probably do not exist. 
The only modification ap]iears to be the mdaie leaf, analogous to 
thej>cdatisect simple leaf, but with distinct leaflets (fig. 100). 

Fig. 99. 


(uterpApinnate, 
Bipinnate leaves ai 
netioles with distinct 



Fig. 99. A pinnately decompound leaf. Fig. 101. A temato leaf with oboordate leaflets. 

Fig. 100. A pedate Icat ^ 

The terms teimate, quinate, and septmate are often applied to palmate 
leaveiMth a definite number of leaflets. Temate loaves, however, may 
occur either on the palmate (fig. 101) or pinnate plan ; if on the latter, 
there is only one pair of lateral leaflets and a terminal one, but in 
these the petiole is ordinarily developed between the pair of leaflets 
and the end one. What are called bitemate (fig. 102) and tritemate 
compound leaves are in most cases pinnate loaves with unijugate 
and terminal leaflets. Such leaves should perhaps be called temato-> 
pinnate or bitermto-pinnate, )&c. 
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A modified fonn^ apparently intermediate between jmrnate and palmate 
loaves, like some termite leaves, occurs through the suppression of the main 
rtmhis of the hi pinnate leaves of some Acacias, giving what may he 
called a palmipiimate_ form (fig. 103). 


Fig. 102. 


Fig. las. 



Fig. 102. A biternate loaf. 


Fig. 103. A palmipinoate leaf. ' 



The leaflets of compound leaves of Flowering plants are ordinarily 
call(Kl pinnfPj and their subdivisiono hhes ; but in the Ferns, where the 
leaves are highly compound, and the segments somewhat variable in the 
degree of confluence, the primary divisions of the leaf are called 
tlie B(*cond(uy and the tertiary hhes or mments . In highly 

compound leaves, iiie^amification of the petiole anef suUuvision of the 
laminar structure become less complex toward the apex. 


90. The varieties of texture of ordinary leaves depend chiefly 
upon their anatomical condition; but it is requisite to notice here 
several terms, such as Tnemhro/nom^ leathery (or coriaceous)^ sue-- 
cu/eni, &c., used in Descriptive Botany, but which scarcely require 
explanation. In aquatic plants the leaves are usually of slighter 
texture : when they Jloat on W'ater {natant leaves) the forms and 
general external characters are not much modified ; but when they 
grow wholly under water (submerged leaves\ they ore not only more 
delicate, but are sometimes cut up into fine filiform segments, as 
in Manunculus aqmtilis. 

97. The duration is different in different plants. Those which 
are unfolded in spring and fiill off in autumn are cqjled dedduous. 
What are called everffrem leaves vary in duration ; thus in ordinary 
evergreens, such os Iv^ Clierry-laurel (Prunus Laurocerasfosy, &c., 
the leaves remain through the winter and fall off only when the now 
ones are becoming developed in the spring ; while in many Conifers, 
as in species of Pinus, Araucaria, &c., ti^e leaves remain attached 
for many years. 

^ The anatomical structure of leaves exhibits many interesting modifica- 
tions, related in some degree to the media and climates in which plants 
grow. These will be more partici^ly eiplained in another place. 
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98. The mrfac-es of leaves, like those of herbaceous stems, exhibit 
a variety of conditions dependent on the character of the epidermal 
layer. The term glabrous indicates a smooth surface without hairs 
or other appendages ; glabrescent is used to signify that a surface, 
hairy when young, becomes smooth when the leaf is mature, by the 
hairs falling off. Some smooth surfaces are shining ; and this is very 
often the caSe with the upper surface of evergreen leaves. Hairy 
surfaces arc differently denominated, according to the character of the 

* hairs and their mode of occurrence. Thus a pilose suifaco is covered 
with scattered soft %nd small hairs, a hirsute with scattered long hairs, 
a hispid with scattered stiff hairs ; while a pubescent anrfacc is covered 
closely with short soft hairs, a villous closely with longish weak 
hairs ; and when the hturs are curled and interwoven, the terms 
(serieeus), woolly (lanatus), felted (tonientosus), or Jloccose, are applied, 
^"according to the coarseness of the hairs and the thickness of the coat 
they form. 

99. What may be called the natural smoothness of surfaces may 

be interfered with by other irregularities analogous in their nature to 
hairs. Slight, almost invisible rigid ‘ projections render the surface 
scabrous ; hard rigid hair-like processes, called bristles or setas, make 
the surface setose ; and similar structures still more developed (oc- 
curring mostly at the apex and the points of the teeth of leaves), 
called sometimes occur and produce a spinous surface. Modified, 

usually compound hairs, containing oily or resinous secretions, arc 
called glandular hairs, rendering a surface viscous or glutinous^ which 
conditions, however, are sometimes produced by glands sunk in the 
epidermis. Stings are long stifiish hairs containing an irritati ng fiuid. 
Scaly {lepidotus) surfaces are produced by the occurrence of minute 
stalked ikt scales, analogous in their nature to hairs. Sometimes 
the cuticular layer of the leaf separates in minute scale-like frag- 
ments, giving a scurfy appearance to the surface, which is termed 
furfuraceous (as in the leaves of the I’ine-apple and its allies). The 
pruinose conation is that which results from the conversion of the 
cuticle into a thin detachable film of waxy matter, of which the 

bloom ” of plums^ grapes, &c. affords an example. 

Special Modifications of the Leaf and its Parts. 

100. Under the head of the petiole we have spoken of phyUodia 
as blade-like forms of the petiole (figs. 50 & 51). Hot only does the 
leaf-stalk exhibit this and other modifications, disguising its real 
nature, but the blade also and the stipules are si^ject to similar 
modifications, in which the organ or re^on is only recognizable by 
its position and relations. 

As these metamorphic stnictures fiedl under certain types, which are 
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represented in different coses by all tbe different refrions of tbe leaf, it is 
most convenient to describe them imder special names. 

101. Pitchers {ascidia) are structures of the form indicated by 
their name, produced by peculiar modes of development of the petiole, 
the blade, or of both together. One of the best-known examples is 
found in the Nepenthes^ or Pitcher-plants, in which a portion of the 
leaves exhibit a very long stalk, winged at the base, supporting at 
its extremity a pitcher-like sac of ordinary* 
leafy texture, furnished at its mouth with a 
little flat plate resembling a lid (fig. 104). 

The pitcher is aommonly explained as a kind 
of phyllode^ or foliaceous petiole, rolled up, 
and with its margins confiuent, the lid-liko 
body being regarded as the lamvna\ but it 
appears more correef to consider the pitcher as 
the lamina furnished with a distinct terminal 
lo^c {pperc^um). Sarramenia^ a North-Ame- 
rican bog-plant, has analogous pitchers^ which 
arc sessile at the base of the flowering stem ; 

Ilelimnphora (Guiana) has the pitchers less 
complete, the inner side being slit down as it 
were for some distance, from the imperfect Pitcher of 
confluence of the margins of the leaf. In Dischidia Bafflesiana the 
pitchers arc plainly fbrmed from the blade, and are open at the 
end next the petiole ; and a similar condition exists in Ihe pitchers 
formed from the bracts of Marcgrmvia and Norantea, 

Somewhat allied to the above, on a small scale, are Pig* 10»'>* 
the utriculu or sacs of the Uiricularice (fig. 105), 
littlo bia33er-like organs, dosed at first by a lid, 
developed from some of the lobes of the compound 
leaves of these aquatic plants, and apparently serving 
as ^'floats.” Inotheraquatics(7Vajpa, PmUderia^ &c.) 
floats are formed by inflateil petioles^ constituting as 
it were indehieoent pitchers, surmounted by ordinary 
blades. 

Teiatological illustrations of the origin of pitchers a'te occasionally 
afforded by garden plants. This has been especially observed in the 
Tulip, in which the leaf next the flower-stalk has been found with its 
margins completely confluent into a kind of spathe, which bursts by a 
transverse fissure to allow the flower to appear. 

102. Tendrih (cirri) are thread-like processes, curled spirally, 
by w^ich weak-stemmed plants attach themselves to foreign bodies. 
They may be modifications of any part of the leaf or of a brandi. 
In Laihyrus the blade-structure of the^leaf is more or less deficient 
in different spedeB. In L. Aphaca (% 106) it is wholly wanting, 





64 HOBPHOLOGT^ OB COUFABA.TIVE AXATOMF. 

the petiole running out into a tendril, which may be regarded as 
consisting either of the leaf-stalk alone, or of this and the midrib of 
the lamina. In L. odomtus (Sweet Pea) the pinnately compound 


Kg. 106. 



Fig. 106. Leaves of Laihjfrwi Aphaeat representt^d by tendrils, with large folioceous stipules. 

Fig. 107. Leaf of Oloriotta superbot prolonged into a tendriL 

leaf has one pair of leaflets, and usually one pair of tendrils, and a 
terminal tendril in the ordinary place of the remaining leaflet. In 
the edible garden Pea there are several pairs of leaflets, and often 
several pairs of tendrils, with a terminal one. In Glonosa superha ^ 
a Liliaceous plant, the broad simple lamina runs out into a terminal 
tendril (fig. 107). In Smilajc (fig. 108) the two stipules are repre- 
sented by a pair of tendrils ; while in the Cucurbitacoic one tendril 
only, occurs, which some regard as a stipule, others as a metamor- 
phosed leaf, others, again, as a branch. 

Kg. 100. 



Fig. 108. Tendrils of Smilax wperch formcMl from the stipnles. 

Fig. 109. Leaves and tendrils of the Vine. 

The tendrils of the Vine (fig. 109) axe modified flowering branches; placed 
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opposite to leaves, and often tuberculated by the existence of abortive 
flower-buds. The nature of the axillary tendrils of Passion-flowers is 
similnr. 


103. Smne$ (spines) arc hard, sharp-pointed 
woody processes, formed, like tendrils, by mo- 
dification of entire organs or parts of such. 
Thus, in the common Berberry some of the leaves 
are represented by compound spines^ in the axils 
of which a rise ^fasciculate groups of leaves. In 
the False Acacia-treo (Jiobium Pseiulaceida) ^ 
the stipules are represented by a pair of spines 
at the base of *tho petiole (fig. 110), while in 
certain si)ccic8 of Astrarfcilus the petioles are 
converted into spines after the fall of their leaflets. 
Spinous processes ar(^ developed upon the petiole 
in the upper part of the compound leaves of cer- 
tain Falnis (Plectocomia). 


Fig. 110. 



Base of the leaf of . 
biniatYfith stij^ulcB de- 
veloped aa qpinea. 


True spiniis, however, are more frequently dependencies of the stem, 
closely associated with the leaves : thus in the Gooseberry they are de- 
veloped from the }ndvmttSf or protuberance below the base of the petiole. 
In tliM Bliick-thorn (Pmnm spinosa) the spines are real branches (fig. Ill ), 
as also are the spines of GUditschia triacanthos (fig. 112), and the principtil 
spines of Furze ( in which, however, the points of the leaves are 
spinous also. 


Fig. 111. 




S®* }}.V branch of Jrienw »pinoaa (Bladc-thom). 

Fig. 112. Spinoas branch of QledUwkiia irUicanthot, 


104. (acidei), properly so called, are sharp woody pro- 

cesses, straight or curved, occurring upodi stems, leaf-stalks,, at the 
points or on the margins, or upper surface of leaves. They are di- 
s^inj^shed from true spines by their originating fi^m the epidermis, 
ike hairs, glands, &o., and by having no connexion with the internal 
t^oody substance of the stem or ribs of^ihe leaves &c. 
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105. is perhaps the most convenient place to men- 
tion the nodniar or discoid glandular bodies that occur in connexion 
with certain leaves, as on the petioles of Pamiflora &c. They are 
distinct in their nature from the epidermal glands above mentioned 
(§ 99), and considerable attention has been directed to them on 
morphological grounds; hence they will be adverted to again in 
spei^ng of the flower. 

Sect. 5. Th£ Lbaf-bud. 

106. The bud is a compound structure, composed of a solid conical 
basis, supporting a number of rudimentary leaves. In the leaf-hud, 
or rudiment of a shoot, the conical base represents the future stem, 
with its intemodes as yet undeveloped ; the scales are either entirely 
rudimentary leaves, or a portion of them on the outside are modi- 

*naed leaf-structures, forming scales for the protection of the inner 
leaves, and destined to fall off when the bud expands. In the early 
conditions, thejlower-hud is essentially analogous to a leaf-bud ; but 
its ultimate history is different, as will bo shown hereafter. 

Many of the general characters of buds have been described already, 
under the head of the stem ; but there arc some other more special pccu- 
' liarities which require separate treatment here ; md repetition of certain 
more important facts will not be disadvantageous. 

107. In all seeds, except in those of the few Orders which present 
an incomplete or acotyledonous embryo, the young plant is possessed of 
a rudimentary bud, called the plumule, situated at the point of growth 
of its ascending axis (figs. 11^115). This is the terminal hnd of the 

Fig. 115. 



Kg. 118. IfonooolyledoaoaB embryo of Foiamog 9 t(m, oat throogh perpendicularly: a. radicle ; 
^ 8, cotyledon; e, plumule. 

Kg. 114. DiootyledonouB embryo of the Bean (Foba), with the cotyledons h* W separated : a. 
radicle; c, plumule. 

Kg. 116. Diagram of a germinating Dicotyledon, with the plumule or terminal bud between 
the expanded ootyledona. 

young plant ; and stems and shoots only retain the power of elongating 
so long as they possess such a* hud at their extremity. When it is 
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removed by artificial means, by frost, or, by mctamoijdLOsis, is re- 
placed by a fiower, the onward growth of the shoot ceases. In the 
Dicotyledons the power of growth generally becomes early distri- 
buted among a number of buds ; but in many Monocotyledons the 
terminal bud retains its original preeminence, becomes very largo, 
and by its continuous evolution produces an unbranched, columnar 
stem, as in the Palms, 

Those Ferns which become arborescent, likewise grow by a single lai^ 
temiinalliud. The Lycopodiaceie exhibit a curious series of bifurcations, 
which seem to arise from the suppression of the terminal bud everv time 
ramification is repeated. 

108. AariUary JmU arc the origin of the ramification of stems. 
They are developed in the aoc^ih of leaves ; and as they unfold into 
secondary axes, they become the terminal buds of such shoots. Other 
axillary buds are formed at the nodes of these secondary shoots, tJ' 
repeat the ramification by developing into tertiary axes according to 
the type of the species. ^ 

It is evident from this, that the mode of branching of a stem must 
bo essentially dependent on the arrangfement of leaves ; but a com- 
plication arises from the frequent suppression or non-development of 
the axillary buds, often according to a regular plan ; and, in fact, it 
is very seldom that all the axillary buds of a stem are developed 
(figs. 116 & 117). 

Fig. 110. Fig. 117. 



JIJ- Indefinite ramification, with derelonment of terminal and axillary bnda. 
i!ig. 117. iJeflnite rainifioation, with arrest 6t the terminal and development of the axillaiy 
buds, producing biAuroation. 

This abortion of axillary buds is most extensively displayed in Mono- 
cotyledons ; for the frequent existence of dormant buds in the leof-^ils, 
sven of PalmB, is shown not only by the occasional production of isolated 
lateral shoots, but by the frequent, and in some cases constant, development 
^ axils of the basilar leaves, forming suckers round the base of 

me stem. A similar phenomenon occurs in the propagation of bulbs See. 

Among Dicotjrledonous plants, the infiuence of the suppression of buds 
'u regular order is very great. In the Labiates we have opposite leaves ; 
Mid as pairs of axillaiy buds are developed, the ramification is generally 
7ery symmetrical ^ in some of the Cary'cpJ^llitceee with similarly decussate 
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opposite leaves, one axillary bud only is developed, and the other is sup- 
pressed at each node, so that the branches, arisinpp one by one, stand 
spirally arranged upon the stem. In the Firs, the branches often appear 
to arise in whorls, owing to the periodical development of a number of buds 
in the axils of closely succeeding spirally arranged leaves, with long 
intervals of total abortion. 

The Ash grows year after year from its terminal bud, which closes up 
into a winter-bud in the autumn. In the Hazel, Eli^ &c., the terminal 
bud is not developed in the autumn, and the axillary bud next below con- 
tinues the growth. In the Horse-chestnut (fig. 121), the t(jrmin,al bud of 
the annual shoot resolves itself into an infioi'escence, aiid the growth of 
the next year depciids upon the axillary buds ; the same is the case in the 
Lilac {Syritifja vulgarui) (fig. 118), in which, „. ^ 

however, in this country, the terminal bud is 
generally killed by frost in the winter, and the 
pair of axillary buds next below produce 
Jdossoin, causing still more marked bifurcation 
m the branches. 

^ As a general jule, of course, the frequent 
suppression or conversion into blossom of 
terminal buds tends to produce a bushy 
mode of growth, and mae versa. In addition 
to this, the relative force of development of 
terminal and axillary buds is very important 
in determining general form, as we see in 
comparing the Black Poplar with its common 
tall variety (the Lombardy Poplar), or Ooni-* 
ferous trees generally with deciduous twes. 

Even among the individuals of the same 
species we observe great dilFerencos in this Shoot of tfio Lilw. de- 

respect, dependent on external conditions ; SfSiUa^^buda.” * 
for both Dicotyledonous trees and Conifers Fig. ua a ahoot, with a terminal 
difibr much in the relative proportion of main axillary buda 

trunk and branches, when grown in close 
plantations, or standing in open dtuations. 

Ordinarily, only one bud exists in an axil 
119) ; butfrequent exceptions to this occur, 
as in some species of Maple, in Honeysuckles 
(fig. 120), and in the Walnut However, one 
of these is generally much larger than the 
rest, and is called the principal bud, while the 
others are accessory. 

In the ihmily of Solanaccas the axillary buds often occur in an irregular 
position, arising from the stem at a little distance above empty leaf-axils. 
This is supposed to be due to the cohesion of the stalk of the bud with 
the stem. 



Fig. 120. 



Nmneroas axillary buds of 
Lanieera, 


109. Advemlitiaus or accidental buds are those which appear, con- 
trary to the usual order, at indefinite points, unconnected with the 
axils of leaves. Generally speaking they are abnormal products, 
presenting themselves under special conditions. They usually occur 
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on organs in a very aciiyo state of vitality, subjected to stimulating 
external conditions, csx>ecially where, through natural or artificial 
operations, there is an absence or insufiiciency of normal buds to 
carry off the developmental energy of the plant or organ. 

Adventitious buds may be produced from any part of the plant. With 
regard to those produced on old stems, as in pollarded trees, or those which 
occur on subterraneous stolons, as in the Bose, Ash, &c., it is not always 
easy to decide without dissection whether the buds are really ddventitious 
or merely latent axillary buds stimulated into development; but true ad- 
ventitious buds do occur. The production of adventitious buds on true 
roots has been frequently observed, as in Vyru» japmhiMay Madura auran- 
iiacUy Paulfnvnia ii^perialisj &c. ; and the Anemone japonica is commonly 
propagated by cuttings of the; root. The formation of adventitious 
buds on leaves is a still more remarkable physiological phenomenon. It 
has been observed chiefiy in succident leaves, but is not exclusively con- 
fined to tliem. W'heu it takes place, the first sign of development is the 
production of adventitious roots, followed by the formation of a cellular 
nodule which subsequently assumes the enameter of a bud. Among 
natural examples, the leaves of Cardamine pratensis have been observed 
to flum adventitious roots on the lower side when lying upon wet ground, 
and even to produce buds ; the leaves of several Ferns, such as Woodtear- 
dia rmiicansy root at the end, and produce buds which propagate the plant ; 
and many similar instances might be cited. Artificim production of buds 
on leaves is now a familiar fact, under the influence of neat and moisture, 
not only on the scales of bulbs, but on the green leaves or even fragments 
of the leaves of BryupliyUum^ Bcheven'iay Gloxiniay Gemeray Hoyoy &c. ; 
the Orange and the Aucuha japonica may also he propagated by their 
leaves. {Sometimes the leaves produce rootlets alone, and remain stationary 
there, without having force enough to develope a bud. 

The formation of adventitious buds on leaves, especially in Bryophyllumy 
where a number are often produced, arranged on the margin, is of great 
interest in connexion with the theories of the structure of ovaries and 
t he origin of their ovules. 

• 

110. The bud which continues the growth from the plpmule of a 
germinating plant (fig. 115), and the axillary buds produced during 
a season of active growth, are composed of rudimentary leaves ; but 
the winter- or resting bud;:) formed on most deciduous trees and 
shrubs of temperate climates present the peculiarly modified foliar 
organs called hud-scales (tegmenU.i)y analogous to Ijie scales of bulbs 
and other subterraneous buds of herbaceous plants (figsi 121 & 122), 
Buds without scales are called naked. The scatesy when present, ore 
mostly of leathery or membranous texture, and are often clothed 
more or less densely with hairs, which are sometimes glandular and 
produce a resinous or glutinous secretion, which exudes when the 
buds swell. 

When winter-buds swell and open, throwing off their scales, the inter- 
nodes between the latter do not Mon^te, whue those between the nas- 
cent leaves do ; consequently the starting-point of each annual period 



70 


KOBPHOLOOT, OB COHPABAHVB ABATOMT. 


of growth of a hTanch with an indefinitely developed terminal bud is 
indicated by a little band of scars marking the place where the scales stood. 


Fig. 121. 



Fig. 121. Scotion of the end of a Hhoot of the Horse-chestnnt, showing the terminal and two 
axillary buds; the terminal bud contains an inflorescence, surrounded^ l>y scales 
and rudimentary leaves. 

Fig. 122. Bud-scales a, 6, and rudimentary leaves e. from the winter-bud of ’Prumut Avium. 

111. The first two scales of a bad usually stand right and left of 
the axil on which the bud arises ; the succeeding scales assume at 
once the regular character of arrangement of the leaves of tho 
species. 

In winter-buds there is commonly a gradual transition from the 
pu!re scale to the true leaf (fig. 122), as occurs in bulbs ; and tho 
scales, as in bulbs, arc referable chiefly to the vaginal or potiolar 
portion of the loaf. But the scales originate differently in different 
cases : thus we have peiiolar scales, as in the Walnut and IJorsc- 
chestnut ; stipular scales, as in the Yiuo, Oaks, Elm, Poplars, &c. ; in 
this case, however, especially in the outer scales, the stipules and the 
petiole are confluent into one organ {Ptunus, Horn, &c.) (fig. 122). 
Foliaceous scales formed by the blade of the leaf, of which we 
have exampllbs in tho lilac. Maples, Conifero), &c. 

112. The mode in which rudimentary leaves are arranged in 
lear-buds is called the vematim ^ and famishes important syste- 
matic characters. Two "points lave to be regarded here, viz. : — 

1, tho arrangement of the leaves in relation to each other; and, 

2, the manner in which each separate leaf is folded. The general 

arr iij l im ent is called imbricate or according as tho margins 

of l^l^ves overlap one anomer or simj^y meet without overlapping ; 
but nUxre minute distinction^ are obsmred, and these depend to a great 
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extent on the phyllotaxy of the species. Thus with the f , or other 
spiral plan, we have usually tiMuetrous (fig. 1241 or quincnucialtfig. 
1 9 fi) imbneate buds proper ; with alternate ^ or distichous leaves the 
vernation n^ be eauitant (fig. 123), where each leaf, sharply folded 


Kg. 124. Kg. 126. 



Bectiona of Bads showing vernation. 

Pig. 123. Imbricated, ond eqnitant (of a Grass). 
Pig. 124. Imbricated, triquetrous (of a Corex). 
Pig. 125. Tndunlicate, decussate (of the Apple). 
Pig. 12(5. Imbncated, quinoimcial (of a Poplar). 


(conduplieate\ completely embraces its successor (as in the Flag), or 
Jwlf~^iuitant OT oftvolut^, where the leaves are similarly folded, but 
each leaf Embraces oniyone (lateral) half of the blade of its successor. 
Valvaie buds occur mostly where the leaves are opposite ; a modifi- 
cation of this form exists where the margins of the leaves are rolled 
inwards (fig, 125), and is called induDlimte -vemation. 

113. The individual leaves in a bud are either jlaU folded^ or 
ro|M. For the first, of course, no special term is requisite. Of the 
^dded leaves we have : — reclinate, or inflexed, where the leaf is 
folded horizontally, so that the point is brought down to the base 
{Liriodendran) ; condurdicate (fig. 123), where the leaf is folded per- 
pendicularly at tfie miMib 

and the lateral halves are 128. Fig. 129. 



placed face to face (Oak); 
andn&L{&(%* 127), where 
the blade exhibits several 
perpendicular folds, as in a 
fan (Vine, Beech, Maple, 

Currant, &c.) ; this last is 
often combined with the 
preceding. When rolled 
I up, also, this may take place in either direction : where the apex of 
i the leaf is rolled down toward the base, as in the Ferns and in 
; the fiower-Btalk of Drosera, it is circinaU ; if the leaf is rolled up from 


Pig. 127. Vernation of a plicate leaf. 
Pig. 128. Vernation of a oonvolute letif. 
. Pig. 129. Vernation of revolute leavcB. 
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side to side like a plan, mtli otily one edge free, as in the Cherry 
&c., it is f^volyJte (fig. 128) ; when both margins are rolled inward 
toward the midrib, it is involute (fig. 125) ; and when both margins 
are rolled outward towarS the midrib, it is revoluU (fig, 129). 

All these terms, both the individual and the collectiye, are applied in the 
same way to the arrangement of the parts of fiower-buds, called tesfAvation. 


Sect. 6. The Ieflobescekce. 

c 

114. In aH Flowering Plants, a portion of the buds change their 
character at certain periods and in certain situations. They cease 
to produce leafy shoots; the foliaceous organa of which they are 
composed are gradually developed into that assemblage of organs 
which constitutes a fiower (§ 21). 

So intimately are the leaf-bud and flower-brd related, that, under 
peculiar conditions, producing monstrous growtiis, fiower-buds are- seen 
tu expand into tufts of green leaves, or imperfect fiowers to throW out 
leafy shoots fram their centres ; such cases are often obsen-ed, for instaixc, 
in cultivated Roses ; and leaf-shoots may likewise exhibit more or less of 
the characteristics of a fiower, &c. 

115. Flower-buds are subject to the same laws of arrangement 

as loaf-buds. The buds which commence the growth of the repro- 
ductive structures maybe at once developed into solitary flowers, or^^ 
as is more common, the blossom-buds unfold into a system of 
branches terminating in flowers, the branches all originating in the 
axils of modified leaves, called bracts. The solitary flower, or the 
connected system of flowers arising from one point, is called tht? 
inHorescmce. which is either (fig. 130) or (fig. 131). 

'Aie inflorescence is produced from the terminal bud, or from this and 
one or dnore of the upper axillary buds in most annual plants ; and there, is 
oi^n a gradual traufution from the true-leaf stem into the bract-region, 
or inflorescence. The same is the case, to a ^eat extent, with the 
flowering stems of biennials. The inflorescence of herbaceous perennials, 
bulbs, &c. is either terminal or axillary (§§ 40-48), as is that of arbo- 
rescent plants. In the Horse-chestnut (fig. 121) and Lilac, for example, 
each terminal bud ends in a blossom, whue in the Apple and its allies 
the inflorescence is iixillory. 

When the ihflorescence is developed from the terminal bud of an un- 
branched stem, the growth of the pant ends in the blossoming, as is the 
case in the Agave or American Aloe, the Talipot and other Palms, which 
require a number of years to bring them to the point of flowering, and 
then die away, like a bulb with, a terminal inflorescence, tlie plant, 
however, being sometimes propagated at the same time by oflsets from 
the axils of the lower leaves. The inflorescence of other unbranched 
Palms, such as the Cocoa-nut, is axillary, and thus may be repeated 
indefinitely. 

116. A flower-bud may he either sessUe or staVeed ; if the latter. 
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its stalk is called the nedw/uiU ; in brandied fonns of inflorescence, 
the xta-llcB of the individual flowers are called oedieeU. 


Fig. 130, Rg* 131. 



Fig. 130. Diagram ol‘ the Cowulip, the flowering stem (scape) arising from a tenninal bud. 
FJg. 131. Diagram of Plantago medca, the spiked flowering stems arising firom the axils of 
the leaves. 


117. The simplest forms of inflorescence consist of solitary flowi^rs, 
either terminal, as in the Tulip, or axillary, when simple pedun- 
cles arise from the axils of ordinary leaves, as in Lysimacliia*Num^ 
mvlariaf &c. 

118. The term acgpd (scams) is applied to a stem devoid of true 
leaves, arising underfund from the terminal bud or from the axil 
of a scale or leaf of a rhizome, bulb, &c. ; this may be ample, as in 
the cfise of the Tulip, the Primrose, &c., or €om>aun^. in the 
Hyacinth, Cowslip (fig. 130), the Plantain, &c. (flg. ; it may be 
called compound bIbo when it terminates in a cc^ittdum, as in the 
.Danddion, Daisy, &c. 

When solitary flowers arise in the azfls of ordinary leaves, the flower- 
leaf or biacirregion of the stem is scarcely represented ; Imt, generally 
speaking, those parts of the stem which bear flowers are sepmted to a 
certain extent firom the true-leaf region, and form a distinct associatiou of 
parts, representing the bract-region ; such is distinctly the case in the 
^m^und scapes of the plants aTOve refexred to (fig. 131). In the flower- 
ing stems of annuals and biennials it is often mmcult to draw a line at 

E 
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the boundaiy of the true-leaf region and the inflorescence, from the leaves 
passing insensibly into bracts fiom below upwards, as in the Foxglove. 

119. The leaves of the flower-leaf region of the stem are called 
hracts. They are mostly smaller than the leaves preceding them, 
usually simple, and often scale-like, consisting of the vaginal portion, 
of the leaf only. In the generality of cases they are green ; but not 
unfrequently they are tinged with the same colours as flowers (as in 
various Sages), or are even entirely petaloid. In other cases they 
are membranous, and then often very transient in their existence. 
The dimnutiye ^rm hracteoU is applied to the small bracts which 
occur the j^dicels o^ certain plants, often in pairs. 

The term hracteoh is loosely applied by some authors to the smaller 
bracts of a compound inflorescenco ; but it is much more convenient to 
use the term hract for all leaves which subtend branches of the inflo- 
rescence, and to call those scales hracteoles which occur on an ultimate 
* ^dicel, as in many Leguminosm. 

120. As a general rule, aU ramifleations of inflbresccncc arise in 
the axils of bracts ; but the bracts are sometimes regularly aborrivo, 
as in the Cruciferm. On the other hand, we sometimes And the 
lower part of the inflorescence crowded with bracts with empty 
axils. 

121. In many Monocotyledonous plants the bract subtending the 
, inflorescence is large, and forms a land of sheath, called a sprite . 

Sometimes this surrounds only one flower, as in the Daffodil, thoFlag, 
&c., where it is of membranous texture ; the membranous spathe of 
the Onion and its allies encloses a dense inflorescence ; in the Ara- 
cern (fig. 133) it is still more developed, and sometimes of petaloid 
structure, as in the so-called Trumpet-lily (Eichardta astJUopim), 
where it encloses the club-like inflorescence ; while in tho Palms 
(fig. 134) it assumes enormous dimensions and a loaf-like or even 
fibrous texture, forming a sheath to a large and greatly ramified 
inflorescence. 

122. In other cases, bracts arc collected together, forming a whorl 

or densely packed spire, called an iTwolucr^ The Umbellifene have 
frequently verticiUate involucres at tho base of the umbels, and 
sometimes secondary whorls or hvvoluc£s at the secondary umbels 
(fig. 140). In tlie Compositm also, where the flowers are crowded 
on a common receptacle, the bracts form an involucre (figs. 141-146), 
the^parts of which are sometimes called smaller scale- 

like bracts occurring among»the florets oftQes?^pitula are called 
|>qZeg, (figs. 145 & 146). Other examples of involucre are famished 

the mrndes of the Oak, Beech, Filbert, &o., also by the glumes or 
ppo outer scales of the spikelets of Grasses. 

123. The different forms of the Infforesoence or connected systems 

floral axes are divisible injto two classes 1, the indefyiite. where 
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the terminal bud of the main or primary axis does not form a floweri 
the flowers being borne on seeo^ary lateral bnoKshes ; and, 2, the 
deHnite^ where the j[nrimaiy axes bear Urminal flowor-buds, while 
the su^eeding flowers spring from secondary axillary branches pro- 
duced lower down, and subsequently to the terminal bud. 

Examples of the first ore seen in the CruciferaB, especially the Wall- 
flower, where a few flowers at first appear in a tuft, while the i^ed-Tessels 
are afterwards wide apart on an elongated raceme, the uppermost 
being th^ youngest. In the Foxglove and similar plants we may pro- 
duce a very long*development of the indefinite struc^re by piddng off 
the lower flowers os they wither, when, as no seed is formed, tqe iMe- 
flnite terminal bud«etains its energy, and continues to lengthen until the 
plant is exhausted. On the other hand we observe, in the Sweet-William, 
the Elder, and the Ifydrangea, the centre flower of a tuft opens first, and 
the d^nite inflorescence becomes wider and wider, but never gi'ows out 
in the centre. 

Fig. 132. Fig. 134. Fig. 185 



Fig. 132. Spike of Verbena qffleituUie. Fig. 134. Compound apadiz aad snathe of a Palm- 

Fig. 133. Spadix and QMfihe of Oaila, Fig. 136. Spike, with ^^ikelats, 

124. The flowers generally open in the order of their development ; 
and thus, when an indefinite inflorescence is of a flat-topped *or 
crowded character, the outer flowers open first and the central 
last, p.s m the capitula of the Gompositm. ' Hence the indefinite 
forms of mflorescence are sometiiaes called c&nirij>etal, and the 
definite 

There is an exception to the ordinary xc^larity in the capitula of 
Dipaacua (Teazel), where the florets open &st halfway up, and then 
proceed bew ceninpetally and cenirifugally.* 

s2 
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125. Of the Indefinite Infiorescenoe the following are the most 

important forms : — ^the s^ilce^ the ra4seme, the corymb y the panicU, the 
wrUbely and the cajpitulum, * 

. Of the Definite Infiorescenoe the chief kinds are, the oyme (with 
its modifications), the fctscicultis, and the ecenanthitm, 

126. The spike is a long simple axis or rachis bearing sessile 
flowers, either standing at intervals, as in the Yervain (fig. 132), 
or crowded, as in the common Plantain, TrighcMn, and many 
Sedges. 

I^veral modifications of the spike have distinct nWes. When the 
rachis bears large, persistent, imbricated scales, it forms a cone or 
strobile* as in the Pirs and Pines. When it is thick and fleshy, witE 
{he lowers more or less imbedd^ in it, the term spadix is applied, 
of which the Araceoe furnish examples (fig. 133) ; tLe siame term 
■is conveniently retained when this fleshy axis is branched, as in the 
Palms (fig. 134). The so-called spikes 
- of many Grasses, such as Wheat, Barley, 

Kye-grass (fig. 135), Cat’s-tail-grass, 

&c., are also compound spikes, since in 
place of single flowers the rachis bears 
sj^iJcelets or short axes with several 
sessile flowers. The term catkin ( arnen^ 
turn) is applied to the pendent, often 
caducous, spike-like inflorescence of the 
Willow, Poplar, Birch (fig. 136), and 
the male inflorescence of the Oak, Fil- 
bert, Chestnut, &c. ; in these the bracts 
have sometimes oncy sometimes several 
flowers in their axils. 

127- The r^evM differs only from the spike in having the flowers 
distinctly st^ed, as in the Hyacinth, Mignonette, the Portugal 
Laurel, &c. 

The corymb is formed when the flowers originate as in the ra- 
ceme, buTtEiTlower ones are raised on longer stalks than the upper 
ones, so as to biing them all nearly on a level, as in Onii- 
thogalum (fig. 1^7) &c. 

As already noticed, a coiymbose inflorescence sometimes mws out 
into a raceme while the fruits are ripening, as is seen in many Orucifero). 
The relation between the two forms, or, more properly, TOtween the 
panicled and the co:i^bose state of the same inflorescence, is well seen 
m comparing a Cauuflower as fit for the table, with the expanded in- 
florescence of the same plant when allowed to run to seed. 

128. The is formed when the lateral buds produce rami- 

fied axes insteaom single flowers (fig. 138) ; it is hence merely a 
compound or branched rac^e ; when the lower branches extend out 
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further horizontally, and the entire inflorescenco thns becomes pyra- 
midal, the term iJiyrte is oct^sionally Txsed (Horse-ehestnnt). 


Fig. laa 



Corymb of Omiihogtdutn, Fanide of AUma VUmiago, 


129. The umbel is formed by a number of single flowers borne on 
long stalks o^ newly equal length arising from one point, as in the 



Simple umbel of Buitmut uTnbeUahu, Compound umbel of the Cairot 


common Cherry, the Onion and its allies, Butomus vmheUatus (fig. 
139), the Cowslip (fig. 130), &o. ^ In tho family of UmbelU&rse, so 
called from the prevalence of this inflorescence, the umbels are mostly 
^mpound (fig. 140) ; that is; the first set of radii do not bear flowers, 
but secondary sets of radiatine branches, forminir umheUiiles. or 
secondaiy%mbels. . 
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Umbels usuaUy have an involucre at the base of the ladii^ as noted 
above (§132). The simple umbels of l^e Onion group are originally 
enclosed in a membranous spathe. ^ 

130. The camtvlum is mostly formed by the floral axis expanding 
into a thickened mass, surrounded by an involucre of overlapx)ing 
bracts, presenting a convex, flat, or cOncave surface {common rci^ep- 
ia.cle\ upon which arc crowded a number of sessile flowers, as in the 
families oi Compositse and Dipsacece) (figs. 141-146). In tlie Com- 
posito) there are often little membranous bracts {paUai) at the out- 


Fig. 14i: 




Fig. 142. 




Fig. 143. Fig. 144. 






1I|P^ 


Fig. 141. Capitulum of Senbiota, 

Fig. 142. Vertical section of the capitulnm of Senhtwa. 

Fig. 14S. Receptacle of Daisr with the florets removed. 

Fig. 144. Receptacle of Danaelion witli Uic flon^ts removed. 


Fiff. 145. 




Fig. 14S. Section of a capituliim of a Composite plant with paleas at the base of the tubular 
and ligulate florets. 

Fig. 140. Soction of im empty capitulum oi a Composite plant with a paleaceous receptacle. 

side of eacb flower (flgs. 145, 146) ; in the Dipsacese each flower is 
surrounded by a cup-Hke involucre (fig. 142). 

The flowers crowded together in the capitula of Oompositas are small 
and of various fonns, so arranged as to give the whole the outward aspect 
x>f a siiigle flower ; hence this inflorescence was formerly called a compomtd 
fhwoTf and its involucre a common oalyx, 

^ 181. The flowers in the capitula of the Compositm are called 

« ; and different names are applied to tiris inflorescence according 
mode of arrangemenif of the florets. In the Daisy, %e observe 
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a yellow middle disk and a white or pinkie ray ; the disk is com- 
posed of florets dii^rent ^ character from the spreading florets 
of the (flg. 145). Some cdpitula are wholly discoid, such as 
those 0 ^ Groundsel {Seneoio vulgaris), of ThiBtAe8/&c. ; others arc 
wholly radiant, such as those^ of the Dandelion, Lettuce, &c. 

It should he observed that cultivation tends to convert tubular florets 
into spreading ones, and so to obliterate the yellow disk or as we 

observe in the Dahlia, garden Daisy, &c. 

132. Clapitula of less marked character are found in other fa- 
milies, where, however, the involucre is wanting f for examj;)le, the 
flowers of Clo\Gr^{T^i'ifolmm) have a capitular arrangement, as also 
those of many Protcacejpus plants (Banksia), 

133. The term general in its application ; 


Fig. 147.. 



^ Fig. 148. 



for it is used in reference to a number of forms more or less re- 
sembling outwardly the raceme, corymb, and others of the indeflnite 
type, but all agreeing in producing a terminal flower on each shoot, 
jnd continuing the subsequent evolution by axillary development. 

The loose cymose inflorescence of many CaryophyUaceas illustrates 
the de/inUe mode of sgowth very clearly : the primary axis termitates 
in a flower, then brandaes arise in the axils of a pair of bracts lower down ; 
these branches repeat the process, and tiieir Iraanches again, until the 
flowering shoot is exhausted. 

134. When the cyme is loose and irregular, np special term is added 
to this distinctive name. But if the axillary branching goes on to 
many degree, and the peduncles acquire such lengths that the outline 
of the whole inflorescence becomes rotufded, we have a globose cvme 
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(fig. 149), as in the Snowball (Viburnum Cfpulus), If the onter 
branches spread and grow up so as to produce a fiattish or convex 
collection of flowers, as in the Elder and the garden Hydrangea, it 



Fig. 161. 

vm FI TTFlff Df 



Pi|p. 149-151. Diagrams illastrating the centriftigal dcrolopment of c^ose inflorescences. 

Fig. 149 a globose, fig. 150 a scor|)ioid, and flg. 151 a cor^'nibose oy^e. 

In some cases the axillary buds axe only developed on one side of 
the primary axis, and so on with the secondary axes: in this way an 
inflorescence resembling a raceme is produced ; but the axillary evolu- 
tion of each new bud gives the structure a. circinate or scroll-like 
form during the development, which at once distinguishes this j?oor- 
pioid cyme . It is very characteristic of the family of the Bora^- 
nacesB (figs. 148 & 160). 

135. l^ e fascicidus is a cymose collection of nearly sessile flowers, 
fomiing a (iense ilai-topped bunch, such as wo see in the Sweet- 
William and other species of Dianthus, Where a cymose tuft of 
only, a few flowers, crowded together in this way, occurs in the axil 
of ftn ordinary leaf, the inflorescence is sometimes called a ghrnendus^ 
many of the LaUatm. 

' 186. In the Kg the peduncle or common receptade is fleshy and ex- 
cavated (fig. 162), the flowers beinginside and developed centrifugally ; 
la Doratmia (fig. 163) the receptacle is flat or slightly concave on 
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the top, while in Artocarpm and other cases the flowers are on the 
outside of a convex pcdunde. These forms of inflorescence are only 
slight modifleations of the cupituhmi. The term eoenanthium has 
been used to designate them, but is now rarely used. 


Fig. 162. 


Fig. 164. 




Fifi. IR2. Gn^nanthinm of Ihft Fig; tho flowers inside the oToavated fleshy receptacle. 
Fig. Ifla. Ctpiianthiiim of l)ortt1enia\ the flowerb imbedded in the. fleshy receptacle. 
Fig. 154. Compound inflorescence of Digitaria. 


137. Some plants, especially herbaceous perennials, have what 
is called a conwotmd in florescence, wherein the flowering region of the 
stem appears to be co^oseil of a number of distinct inflorescences 
arranged on a regular plan. The plan of the ramifleation of the 
main axis may be the same as that of the individual inflorescences, 
as in the Umbellifcrac, whore both tho primary and the secondary 
hmbels unfold centripetally ; sometimes the separate inflorescences 
are arranged in' a different form belonging to tho same class, as in 
the case of the umbellate collection of spikes in certain Grasses 
(Digitaria^ flg. 154) &c. 

In other cases there is a mixed condition, since in many Com- 
posite tho individual capitula are centripetally developed, while 
they succeed one another on the main stem in a centrifugal or 
cymose order; in the Labiate thecymoso axillary glomcrules (which, 
occurring opposite to each other, form veHwiJlasters or false whorls) 
are developed from below upwai^s, the main stem being indefinitit 
and they are often crowded together above so as to form a kind of 
compound spike. 

The general facts of the morphology of the different forms of inflo- 
rescence of each type are easily seen to be conformable to the laws ruling 
the development and ramification of the vegetative steuL Buds are either 
terminal or axiUa:^ to bracts : sometimes, indeed, the bracts are simpressed; 
but even in families where this is almoirt imiversany the. rule, they make 
their appearance occasionally in abnorinal examples. The occurrence of 
a number of buds or flowers crowded on onp point arises merely from the 
non-development of the intemodes, as in m&sulate leaves, &c. ; and the 

E 5 



82 


MORPHOLOGY, OB COMPABA.TIVE ANATOMY. 


remembrance of this at once explmns the close relation of aU the indefi- 
nite forms of the inflorescence. Thus, suppose we take a capifttlum, and 
imagine each of the florets raised on a long peduncle, it would benonie an 
utn&l; if the peduncles branched in like manner to the primary stalk, we 
should have a compound umbel If, instead of branching, the receptacle of 
the capitulum grew up into a long straight axis, it would become a 
with lateral flowers ; if these acquired stalks, a raceme would result, from 
which the qprymh only differs in the gi-eater development of the stalks of 
the lower flowers, while a ramification of tlie peduncles would give rise to 
K panicle, 

138. In certain cases wo have the normal condition of the inflo- 
rescence greatly disguised, as m ^oUaceom and in cases of 

what is called /wic/nZ/o?!. aa also ^ where the dower-stalks arc appa- 
rently removedf from their usual idace by adhesion of various kinds 
and degrees. 

In many kinds of Cactu^^ as 
already noticed (§ 57), the stem 
•assumes more or less the outward 
aspect of a leaf; and when a 
flower arises on such a stem, it 
looks like an abnormal growth ; 
but it is really produced from 
the teminal or axillary bud of 
an abortive branch. In the 
Butchcr’s-broom {ll'usc.m, fig. 

155) the single peduncles are 
flat Icaf-like plates, and bear the 
flowers in the axils of little 
Bcajes which arise on the upper 
surface, seemingly from the mid- 
rib of h leaf ; but these foliaceous 
pedwndes grow from the axils of 
scale-like leaves. In XyhpbyTla (fig. 156) wo find a compound 
foliaceous peduncle, consisting of a large leaf-like branch bearing nu- 
merous flowers on its margins, arising there in the axils of bracts. 


Fig. 156. 



Pir?. 1»)5. roliaw‘OU6 poduncluB of lluncuin 
anuleatw. 

Fig. 156. Poliaci>ouH flowering branch of 
Xiflopk^llu. 


Fasciatwn is usually fb abnormal condition, consisting of the fusion of 
w number of pedundes into a solid mass, bearing the flowers on the boniera. 
It produces the crest-like condition of the flower-stalk of the garden 
Cockscomb; and it occurs not unfrequently in the Scrophulaiiaceae &c., 
M as to convert a paniculate infiorescence into a rihand-like axis with 
tee^larlj scattered, short-stalked solitary flowers. 

Adhedbn of the peduncle to the leaf or bract produces an appearance as 
^ the ACwer sprang from the latter, as in tte case of the Lime-tree. A 
siiiull^uiiion or, rather, lack of st^paration between the flower-stalk and the 
bruBW produces the extraaxiUary inflorescence, of some species 6f Skdanum. 
Other cases of extraaxillaiy’ inflorescence, wherein thj^infloi^sc^nce Is 
jpjboed opposite to a leaf, as iif the case of the Vine, Sokmi/tm Dulcamara^ 
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&c., are explaioed by tho circumstancb that the inflorescence is in realitr 
terminal (as may readily bo seen in tho young state), but as 
goes on it bonds downwards into nearly a norizontal position, while the 
axillary bud next beneath it developes into a shoot which assumes a 
vertiem direction, thus occupying the position of the inflorescence. Such 
branches are called by Freu^ botanists usurping branches. 

139. The inflorescence, like the leaf, varies in its duration. The 
staminal catkins of tho Amcntiferac, such as the Oak, Ha%el, Poplar, 
&c., full^ofl* as goon ns the pollen is discharged from the stamens, 
and they are called caducous. In many cases tljp inflorescence, or 
the individual peduncles, separate by a disartiemation when the 
fruit is rij)e, as in the Apple. Cherry, Ac. ; the term deeidjum is 
then aj)])licd In the Itose we observe the dried-up" fruit Wg 
remaining, like th c'^nes of Firs &c., after tho seeds have become 
matured : ^*^080 are if)et s istent. Sometimes the peduncles undergo 
e.v]*anHi . lirng the niicuing of the seeds, so as to form part of the 
ft nit ■ su li an infloroj oenco or peduncle is called excrescent. The 
Fi^. • i*inc-ai)ple, and other fruits are formed of eoccrescemt infio^ 
s ; tliw Cashew-nut ^Anacardium) has an excresemt peduncle. 

Sect* If. The Flower. 

^^''wer, the elmraetcristic reproductive apparatus of 
t' ’g^ie ^ wS, consist, f no elements superadded to the 
i' :ir'u"al organs of tin .c,'>‘etativc regions, but is merely an 
dage of these organs modified in certain essential particulars 
' to fit them . )r exo. 3is- g new functions. 

i flower IS a modifi^ d branch, in which the intemodes of the stem 
a; i flsehToTK HeoSoned, wEilethe leaves, arranged according to the 
general phyllotaci ic laws, arc more or less different in form tad 
texture, linvc j)art of their tissues developed into more highly special- 
ized products, and, in part, give origin to buds distinguished both in 
anatomical and physiologic^ characters from those associated with 
'*^egetative loaves. 

I’he study of the modifications or, as they are often caUed, the meta- 
morph'^ses of the organs of the fiower forms one of the wst attractive, 
and at the same time most important departments of Morphology^ and' 
now advanced far enough to set all general questioni at rest ; hut in 
elementary work it is desirable to fiimish some of the more striking 
proofs of tile doctrine which is enunciated in the preceding paragra]fh. 

Th e theory of the construction of the flower rests upon uroofe derived 
from inree somces ; t&e most numerous facta are fnrniwhftcl hv 
or the study of abnormal growths ; but the strongest confirmation of tne 
^ . 1..1 « , . Qijtainedby C2222^- 
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regular drcles, and in which the organs of each circle agree in colour^ 
size, and so on ; but in many cases we find deviation from this regularitjr : 
the arrangement of the organs becomes changed, and the parts of parti- 
cular circles become more or less different among themselves — ns, for ex- 
ample, in the fiowers of the Pea-tribe, of Jjabiatce, &c. But when we 
examine the buds of any of these flowers in a very young state, we find 
the rudimentary organs, with very few exceptions, regularly arranged, 
and while in the state of cellular papillae, agreeing exacliy in all external 
characters. The subsequent irregiilari^ is a result of special growth at a 
later epoch. In didynamous stamens, mr example, the longer pair do not 
exceed the others until a late peiiod of their development. 

The odginal uniformity and homogeneity of tlie prgans of flowers 
are not always so completely lost in the maturation of the structures, that 
the different secondary types of organs, sepals, petals, &c. become entirely 
distinct. The study of comparative anatomy reveals vei^r many cases of 
transition from one kind of organ to another, illustrating, in a very inter- 
esting manner, the doctrines of morphology. ' 

In CcdycanUimJloridm the numerous pieces of the floral envelopes pre- 
-Dent a spiral arrangement, and it is impossible to find a distinct line of 
demarcation between the coloured bracts, the calyx, and the corolla. ' In 
species of CormiB and Euphorhia, the coloured bracts of the involucre 
assume quite the aspect of a coloured calyx or corolla. In the White 
Water-lily (Nymphfm)^ a transition between sepals and petals is seen in 
the segments of the calyx, which are green outside and petaloid inter- 
nally, while we have perfectly petaloid sepals in many flowers, as in Aco- 
nites, Larkspurs, &c., and particularly in the showy bulbous Monocoty- 
ledons commonly cultivated, e,g, the Lily (Lilmn)j Tulip, Crocus, &c. 

In the Wator-lilv, again, we observe a gradual transition between petals 
and stamens, the latter appearing first as petaloid plates, with anther- 
structure on the edges. In Canna it is the ordinary nile for the stamen 
to be a kind of petal bearing an anther-lobe on one upper edgo. A more 
or less expanded petaloid state of the filament is not iinusued, and in the 
Mistletoe the stamens are flat, leafy organs, with the pollen developed in 
the parenchyma of the inner face. 

The stamens and pistils being so diametrically opposed in their physio- 
logical characters, we naturally do not expect to find any tranntion 
between these organs in normal flowers, though in monstrous develop- 
ments such transiaons are frequent. The ovules have been seen bearing 
pollen, and thil anthers ovules. 

TPhe study of Teratology, the interpretation of monstrous mwths by 
■ference to laprs ol development more or less interfered with by external 
agency, is very instructive in regard to Morphology. In the abnormal 
products of nature or, still more, of art we nad mustrations of almost 
every possible kind of the general proposition above mentioned. 

In the first place, cases have been not unfirequently observed where the 
entire flower has been replaced by a fascicle of green leaves, especially in 
the Alpine Strawber^. In wet seasons it is not uncommon to And 
flowers of the W^ite Clover with more or less of the organs modifled in 
this way, the pistil, one or more of the stomeni^ &c. appearing in the 
form of m^n leaves, occasionally compound and temate, as on the stem 
below. In the Double Cherry of guflens, the place of the pistil is often 
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occupied by a pair of green leaves ; in tbe Eraxinella a circle of green 
leaves has been observed in tbe place of tbe ovary. 

Metamoiphoses witbin tbe limits of proper iioral organs are still more 
common. Thus, almost all polypetalous flowers, and many monopetalous, 
are ctipable of being doubled ’’by cultivation, that is to say, tbe number 
of p(!t 4 ils may be increased at tbe expense of the stamens, or of these and 
tbe pistils. For example, the Wild Hose has but flve petals, and many 
stamens and pistils, but in our garden Koses tbe numerous^stamens and 
pistils a^ often altogether re]^aced by petals. In many cases inter- 
mediately formed structured exist in such double flowers : in tbe double 
early Tulip, for example, we almost always And monstrous organs, half- 
pet^ and balf-stemen, and even half-stamen and balf-carpel ; "the same 
may be observed in double Pinks and Camatious. Illustrations obtained 
in this way might be multiplied ad hvfimtum. It should be observed, how- 
ever, that in double flowers we frequently find not only all the essential 
organs replaced by petals, but an actual multiplication of the natural 
number of organs, as ill Boses, Camellias, double Daffodils, &c. 

In the last place, we mav advert to the phenomena of the abnormal evo- 
lution of buds within the limits of flowers. Cultivated Boses sometimes 
sehd out a leafy shoot from the centre (prolification), the terminal bud 
not becoming arrested as is natural ; on Apples and Pears we occasionally 
see one or two leases growing out from the summit, from the same cause. 
In addition to this, the organs of the flower may assert their foliar natme, 
by producing flower-buds in their like stem-leaves. This has been 
observed in the case of the petals of Cvlastrus scmidem, and also of 
Clarkia elegan»j and occurs sometimes in garden 
Boses*. 

These general observations will serve to show 
the essential homology of all the lateral organs 
of flowering plants with ordinary leaves, and 
more especially with the vaginal or leaf-scale 
portion of the leaves. The laws imder which 
the varieties of form &c. are produced withte 
the limits of the flower all cooperate to substan- 
tiate the same general principles. 

141. The organs of flowers have been 
enumeratedinaformer Section (§§21-25) : — 

1, the forming the calyx ; 2, ^Qpetahy 
fonning the corolla ; 3, thiB stamens, forming 
the andreedum ; and, 4, the carpds, forming 
the pistils or gynoedum. That portion of the 
peduncle upon whicdAdl these organs are 
attached is called the receptacle or thalamus ; 
it seldom has the intemodea much developed, 
but is more or less expanded horizontally. pMatedbyintemodeB. 
When it forms a flattened surface above, its centre corresponds, of 

, * A general review of these abnormal or unusual formations, and of the 
mferenoes that may be derived from them, is given in the. Masters's * Vegetable 
Teratobgy,’ published by the Ray Society. 
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course, to the apex ; and we may thus say that the above-named or{?ans 
succeed each other from without inwanls, or from below upwards. 

The accompanying diagram of the floral whorls (fig. 157) illustrates the 
theoi'ctical construction of a perfect and symmetneal flower. Here the 
internodcs are imagined to be developed between the separate circles of 
the flower — an an’angement which does occasionally occiur in nature. 

142. Air axillary flowers arise in the angle between a bract or 
leaf and the stem ; from this is taken the rule as to relative position 
of organs, in desorbing flowers. The side of the flower next the 
stem is the upper or posterior part, that next the bract the anterior 
or lower ; and in the ground-plans often used to represent the con- 
struction of flowers, it is iinpoit ant to mark the places of the axis and 
the bract, the former being represented behind, the latter in front. 

In the rare cases where flowers are tnily terminal^ there is no proper 
back and front ; but in plans of these, the position 'of the last leaf or bract 
^hould be shown. When bracts are suppressed, as in the Cmciferai, vre 
of course find the back of the flower hy the position of the organs ^in 
reference to the parent stem. 

143. Since the organs of flowers are modified leaves, we naturally 
seek for hiws of arrangement corresponding to the phyllotaxy of 
stem-leaves ; and we find that the so-called whorls of organs, especi- 
ally of the calyx and corolla, are oftc*n really spiral cycles of organs 
developed successively on the ^ or | plan, but reduced into ap- 
parent whorls by the absence of internodcs. 

This is distinctly the case in such a calyx as that of the Bose, where 
the sepals are imbricated and stand quite on the | plan (figs. 158-100). 


Fig. 158. 



fr’Fig. 168. Calyx of the Bose; the mxmhen indicate the aeqnenoe of the eepali fSFom witiioot 
l inwaids. or firom below upwards. 

Big. 169. Beotioaoz thonstivationoitheoalyxof UieBoee; the numbere as in the preceding 
figure. 
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In the ternary floral envelopes of many Monocotyledons we find illustra- 
tions of the -J type. Sometimes the spiral arrangrement is still more evident, 
espKually where there exist great numbers of a particular kind of oi^an, as 
in the mixed petals and stamens of Kymphoia, and the multiple pistils of 
Itanwimlwi, Magnolia^ &c. In Calycatiihus all the organs follow on in 
a continuous spiral. 

In otlier cases the floral organs are developed simultaneously, when a 
true whorl is produced. • 

144. .According to the number of organs in a cydo or apparent 
whorl, those ate distinguished as dimerous or hinam^ trimerous or 
termri/ (fig, IflL), tetramerous or omternari/ , and perUemerous or 


Fig. 100. 



Fig. 161. 



Fig. ISO. Diagram of the i spiral arrangement of leaTOfi, for oomnarison with flg. 159. 

Fig. 161. Diagraui or gronnd-plan of the S-nierous Cower of the Tulip. 

Quiriart/ (flg. 3 62). The ternary arrangement is by far the most 
common in the Monocotyledons, the quinary in the "Dicotyledons. 

Most frequently the calyx and corolla have 
an equal number of parts; the number of 
organs is prone to increase in the staminal 
circles, and still more frequently to diminish 
in the cai^ellary whorl. 

145. In the majority of cases we find 
the organs of each successive whorl deve- 
loped alternately with, and not opposite 
to, those of the preceding circle. 

From this the whorls would appear to re- 
semble the decussating whorls (§ 66) of true 
leaves, rather than regularly succeeding spind 
cycles. We have seen that these decussating 
whorls are closely related to the spiral cycles ; 
but the relations axe not clearly made out. Moreover we find in the 
very numerous cases of flowers with the organs imbricated in the hud, 
that the spiral arran^ment is very evident, and the whorlod appear- 
ance presents itself only after the expansion of liie flower. Now, if the 

L or f cycles succeeded regularly, the organs of successive cycles should 
i opposite and not alternate. A. de Jussiau has supposed that the organs 
Bie arranged on the spiral ^ type in all trimeroua and pentamerous 


Fig. 162. 




88 


MOBFHOLOaT, OB COMPABATIYE ANATOHY. 


flowers mth imbricated sestiyatioii. Inspection of the dia^ms in a former 
page (48) will show with how little displacement the organs of such flowers 
maybe arranj^d on this type; and there is much probability that the 
situation of spirally arranged cycles results from some such cause^ 
while the alternation of organs in flowers with valvate aestivation is re- 
ferable to the same laws as the decussation of whorls of leaves. The ex- 
ceptional cases of opposition of organs will bo explained presently. 

f 

146. The t 3 ^ical flower in our diagram consists of four circles of 
organs equal in number of parts, and with the parts T’cgularly alter- 
nating. A flower «thus presenting all the whorls is called cmnplete ; 
the orgalSs in each circle being similar, it is remlar and the number 
of organs in each circle being the same, it is moreover symmetrical. 

147. Almost every kind of deviation and combination of deviations 

from this type are met with ; but the modifleations are referable to 
distinct causes, which admit of classifleation und^r a few general heads. 
1. .iteration of the number of circles, or of the number of organs 
in tlie circles ; this may onsi^oitl^er from mttlfijUfcaiipn, or from swp- 
pression or altortion of parts. 2. Union of the organs together ; this 
may be merely coalescence of the margins of organs or tlie same 
whorls (cohesion), or confluence of normally distinct whorls (adhesion). 
3. Unequal development or degree of adhesion in the organs of pai^- 
mi& wWis, OTOcfucing 4. ^ugidar development eithOT 

^th e rS^ptocle. oiTproSucnon ofout-groT^s fro^ 

^Kon . 5. j@6titurion of one organ by another (meUmorrmosish 

Dr. A. Gray has furnished an interesting illustration of these laws of 
modifleation, from a family (Crassulaceie) in which different kinds of 
deviation occur together with examples of very symmetrical flowers. In 
Cra^sula (dg. 162) is found a simple symmetric^ pentamerous flower, with 
flve sepals, flve petals, five stamens, and five pistils, all regularly alternating, 
and only slightly confluent at the base. In TUkea some species have four, 
some omy three organs in each whorl, but the flowers are still iCgulor and 
symmetrical. In Sedum (Stone-crof«, &c.) the flowers of some species 
are pentamerous, those of others tetrameroiis, but here the number of sta- 
mens is doubled by the introduction of an entirely new circle of these organs 
Hochea has the mar^s of its petals slightly coherml, 
while in Grammantkes the petals and sepals are respectively coherent 
more than halfway ^p. Cotyledon has coherent envelopes, and a double 
series (muMpltccdim) of stamens as in Sedum, to which is added an ad~ 
heret\ce of the stamens to the tube of the corolla. In Penthorum the five 
styles are coherent firmly together below, while in some cases its pefisds 
are supplied. In Sempermmm (Houseleek) the number of sepals, petals, 
and pistils varies in different species from six to twenty, and we siWens 
from twelve to forty. 

148. MMpUcaUon of the number of circles is very common, espe- 
cially as regaras the stamens. In the trimerous flowers of Liliacese and 
Amoryllidaoeffi there are six jitamens standing in two drdes of three. 
In the Poppy family the teti^erous drdes are still more multiplied ; 
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and in the Eose, Buttercup, &c. we have further examples. When 
the number exceeds three or four circles it one kind of organ, the 
organs are said to be indefinite in nuxober, and the verticillate 
arrangement becomes very indistinct in tiie opened flower. In the 
White Water-lily we have multiplication both of petaline and 
•taminal circles ; and in Magnolia^ BanuT^culm, <&g. the pistils are 
much multiplied, exhibiting in these a distinctly spirq,^ arrange- 
ment. 

Multiplication* of circles occurs abnormally in the dou^ flowers of 
gardens, in which we often find far more organs than^xist in the normal 
state, as in Uafibdils and other flowers where the organs are natulally few 
in xuimber. 


149. Multiplication of the organs in particular whorls occurs in a 
number of flowers, and is explained differently by different authors. 
Sometimes the multij^lication is collateral^ a pair of stamens, for 
example, standing in place of one ; in other cases the organ is divided 
transversely into an inner and outer part or into a fasciculus of 
organs. The real casea of collateral multiplication may probably bo 
explained by the circumstance that the staminal loaf, in these cases, 
as in an ordinary lobed or compound stem-leaf, becomes subdivided 
and thus forms a lohed or compound stamen. The multiplication 
where organs stand one within the other, or in tufts, may perhaps 
be referred to developments in the axil of the floral leaves or to 
enation^ when they are not bettor interpreted by supposing suppres- 
sion of whorls, with collateral clwrisis of those retained. 


Fig. 168. 


The doctrine of chorisis or didouhlementy in which organs are supposed 
to split into layers, seems to rest on very insecure foundations. Some 
reguM the pairs of long stamens in the tetramerous flowers of Cruciiere 
(often represented by forked filaments with double 
anthers iu some species of Streptanthu8).as formed of 
a bilobed leaf ; but the svmmetry is generally better 
explained by supposing the glands to represent sup- 
pressed stamens of three whorls (fig. 103) ; for a 
Crucifer (Megacarpaa pdyandra^ Benth.) has poly- 
andi'ous stamens. The singular stamens of Fumaria 
and allied species ore supposed by some to be ex- 
amples of chorisk] by others, and probably more 
truly, results of irregular confluence. Perhaps the 
best evidence is furnished by the numerous dimidiate 
anthers of the Malvacete, the tufts of Hypericaceae 
and Myrtaceas ; but these are rather due to a pro- 
gressive outgrowth or exuberent development, 
whereby on originally simple olgan becomes com- 
pound, than to any splitting of a perfect organ. ™ 

The transverse chortsia has been imagined to bear relation to the produc- 
tion of scale-like or petaloid appendages on the face of petals, &c., as in 
Silene See,; but such structures can hardly have any concern in the 



X/ 

Diagram of a Graoiftrons 
flower: the inner sta- 
mena (shaded) form 
the long ; in the 
outer oircle the ante- 
riorand posterior sta- 
mens (dotted) are re- 
placed by glanda 
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multiplication of organs, since we find that in double Dafibdils, con- 
taining fifty or sixty petals,- every one of these possesses its process, re- 
presenting a segment of the nect^ found in the throat of this fiower. 
u'he transformation of such a scale is supposed to give birth to the of^o- 
site stamens of Khamnaceas, the opposite gioups of stamens in Tiliacem, 
&c. But opposite solitary stamens, such as those of llhamnacese and 
IMmulacete, probably arise from the suppression of an outer staminol 
circle. Moreover sueli scales are usually mere outgrowths produced by 
enation from the petals at a comparatively late stage of their development. 

150. In describing the phenomena of diminution* of the number 
of circles or organs, of flowers, it is convenient to distinguish between 
mppres^Mn or total absence, and abortion or partial absence, when 
the organs are represented by imperfect or rudimentary structures. 

A complete flower possesses a calyx and a corolla ; the corolla, and 
even the calyx also, are wanting in some flowers, which are termed 
incomplete ; when the corolla alone is wanting, the flower is apetalms ; 
the term mJeed is occasionally applied to flowers without any floral 
envelopes. 

The terms dichlamvdeom^ having calyx and corolla, mwuichlaniydeoua, 
having calyx alone, and ' (^hlamiid^m. ‘destitute of fio^ envelopes, are 
used by some systematic botanists in place of the above. These conditions 
are not very secure bases for sj^stematic divisions, since it is not uncommon 
to find ^etaloiis plants in Orders having ordinarily complete fiowers, as 
in the Caiyophyllaceie (Sof/ina &c.) ; the apetalous condition, however, 
is constant in a large number of orders; and familiar examples occur 
in the Nettle family, the Chenopodiaceso, toe Amaranths, &c. Achlamy- 
deous fiowers occur in the Willows, Callitnchey &c. as a rule, while they 
also occur, in exceptional cases, even sometimes on the same plant with 
complete flowers, as in Viola and Impatiens, 

151. 'V\lien essential organs (stamens and pistils) of both kinds 

are present, the fiower is called hermaphrodite (this condition is 
indicated by the sign In many piaiits one of the circles of es- 

sential organs is suppressed, so that a given flower has only stamens 
or only pistils; such flowers are termed nnisexual or diclinous. 
The idinouB flowers are called respectively stomimferom or m(de 
( (J ), pistillifer(ms or femaU ( $ )• When flowers of both kinds 
occur on the same plant, this is called nwnceclorj^ (Oak, Birch, Vege- 
table MarroT^ &C 4 ) ; when they are on distinct indiWduals, the plant 
is termed dioecitm (Hop, Willow, Bryony, &c.) ; when, as in some 
caseb, the imperfection results from a kind of regiilar abortion rather 
than total suppression, and the same plant or species exhibits at once 
staminate, pistillate, and hermaphrodite flowers, it is termed p ol y- - 
aamous {Parietaria, many Palms, and Maples, &c.). Some pirate 
D w flowers, destitute of both stamens and pistils : such is 

the ewe naturaJlly ^th the outer florets of many Compositse, and it 
is constantly seen in the garden Snowball (Vihurntm Ciptdus) and 
Hydrangea. 
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The dklmouB condition is often t^'picfd in certain families, such as 
Anientiferaj, &c. ; but cases occur not unfrcquently in exceptional genera 
of ordinary hennaphroditc families, as Muscus mnong the Liliaceae ; or in 
exceptional species (by abortion), as in Lychnis dioica ; sometimes it oc- 
curs by abortion in species normally possessed of perfect flowers, as in 
Asparagus, 

152. Tho suppression of an entire circle neccssaril)’^ renders a 
flower apparentiy unsymmetrical ; for when the corolla iif absent, we 
find the .stamens commonly opposite the segments of the preceding 
circle, as in Ch%mpof1iiim ; but this is really in accordance with the 
normal t 5 "pe, as the stamens should be opposite th^ sepals, tjic inter- 
mediate petals (hero suppressed) alternating with both. Not unfre- 
quently wo find abortive organs, such as sterile filaments or “ 
of various kinds forming circles which restore the symmetry of ap- 
parently unsymnictrical flowers. 

The cases of una^Tunietrical conditions arising from the opposition of the 
organs -of succeeding whorls are explained by some authors entirely by 
thtf doctrine of suppression or abortion ; others refer some of these cases 
t.Q chorisis (§ 140). In OeranimnYre find alteniating with the petals five 
little glands which must be regai'ded as abortive stamens, since in the 
sui'ceeding whorl the five stamens alternate with these and stand opposife 
the petals ; the five innermost and longer stamens, again, are opposite the 
glands. In Erodinm the oub^rmost row is represented by glands, the 
second row by sterile filaments, and only five perfect stamens exist. 
Much the same conditions occur in the Linaceee. On the ground of such 
facts as these, the (^position of the stamens to the petals in Khamnaceae, 
ByttneriacesB, the Ymo, &c. has generally been explained by supposing 
a cirede of stamens to have been, suppressed between the petals and the 
existing stamens. Several recent wnters attribute the stamens of llham- 
nacc.'c to chorisis of the pet^ with suppression of the true stamens, 
extending the same explanation to B)i;tneriaceG 0 and the Vine, where 
the true stamens are repmsented by sterile rudiments or glands within the 
existing stamens. In Primulacese, the opposition of the stamens to the 
petals 18 obviously a result of suppression ; for in Samolus we find five 
lobes op the throat of the corolla altematii^ with the petals, while 
Lysimachia dliata has five sterile filaments in addition to five perfect 
stamens. Some of those cases of altered symmetry are due to enation. 

15c5. Suppression or ahortixm of part of tho organs of one or more 
circles is a very common cause of want of symmetry^ This occurs 
by far most frequently in the carpellary circles, as might be expected 
from the organs being crowded on the point of the receptacle (mlilti- 
plication of carpels occurring, on the ol^er hand, where the receptacle 
is unusually developed) ; the stamens exhibit it not unfrequently ; 
and it is observed dso in the petalino whorl, and even in the calyx. 

Symmetrical flowers may be either dimerous, trimerous, tetramerous, 
or pentamerous throughout ; and when the organs are equal in all the 
cirdm, the flowers are iMmerou^, we have isomerous dimerous flowers 
ni CKr^(flg. 164) and i^rwga (hg. 166), Isomerous pentamerous flowers 
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in CramHa (fie. 1G2), before referred to ; but, generally spealdng, one or 
other of the whorls exhibits partial suppression. 

It is rare to find the sepals partially suppressed : perhaps we may consider 
this to be the case as regards the limb of the sepals in such instances as the 
pappus of Bidem, The corolla exhibits partial suppression in some Legu- 
ni]nosa3, where, although the plan of tne fiowers of the order is penta- 


Kg. 164. Fig. 166. Fig. 166. 



as 

Fig. 104. Gronnd-plan of the S'lneroos flower of Ctmra: dr represents the bract. 

Fig. 105. Ground-plan of the Lilac, with 2-merouB circles: Ir, the bract; a, bractcolea 

Fig. 160. Ghround-plan of a labiate flowcjr, with didyuamous stamens ; the posterior one 
(dotted) Bupiircssed. 

merous, in Amorpha only one petal exists; a transition towards this 
occurs in other genera of the order, where, indeed, the four petals hei'e 
suppressed are generally considerably smaller. In the LarKspurs one 
petal is constantly suppressed, wliile the others are of irregular form ; and 
in Aconite three out of the five petals ore inconstant in their occurrence, 
being, even when present, mere petaloid scales. 

The stamens ore mostly isonwrousy with either one, two, or more whorls, 
when the floral envelopes are regular, although there are well-known 
exceptions to this. The supression or partial abortion of some of the 
stamens is most common where the fiowers are irregular. This sup- 
pression is well seen in the irregular monopetalous Orders, where we find 
curiously graduated illustrations of the phenomenon. Thus, in the Scro- 
phulariacesB, belonging to the pentamcrous type, there are usually but four 
stamens, but Verhmeum has the fifth (not always fertile) : Pentstemm has 
four peifect stamens and a sterile filament ; and in Scrophularia the fifth is 
represented by a scale in the upperside of the corolla. In Veronica three 
are suppressed, and only two remain. In the Labiates (fig. 166), again, 
one stamen is ordinarily suppressed ; not unfrequently two of these appear 
as sterile filaments ; and in Salvia, Monarda, and other genera only two 
stamens exist. 

Either muMplicati^ or mppremm is almost the rule in the carpellary 
circle, the isomerous condition being rather the exception. Six carpels, 
or a double circle, occur in the 3-merous fiowers of Trighchin (fig. 167 ) ; 
and Ve have mentioned the occurrence of five carpels in the pentamerous 
flowers of Crasmda and Sedum (§ 147) ; in the nearly allied Soxifr^aceae 
the carpels are usually reduced to two. In Araliacem, AraMa has five 
camls, different species of Panax three and two, while in the allied 
ot&x Umbelliferm the^ number 2 is universal in the carpellary circle, 
although all the other circles remain pentamerous. In Rosaceae we have 
almost every conceivable condition ; W while multiplication takes place 
to a mat extent in Bom, Fragaria, ahd allied genera, the normal five 
caipels occur in Spiraa and the Fomaceous sulxmer,* in Agrimoma the 



TH£ PLOWEB. 


«d 

number is reduced to two ; Sanguiaorha has two or one ; while in the Dru- 
paceous suborder, in Pninm &c., only one carpel re^larly exists, a condi- 
tion which is the rule throughout the related extensiTe pentamerous order 
Leguminosso. In Danunculaceo) the number of carpels Turies much. In 
DeSberidese the outer circles are 2-meroi]$ md the carpel is soUtaiy 
(iig. 1($8). Suppression of a portion of thev^ftjfffpj^ls is ahno^i: constantly 
iound in the monopctalous Orders, where we lilldbin have more than two. 

Fig. 1G7. 168. 

OTx 

Fig. 167. S-merons flower of Trifflockin marUimvin, with six cai^ls; dr represents thi! bract. 
Fig. 168. G-round-plan of Hpimediun^ ¥dth 2-xneron8 circles andf a solitary oarpcl ; a, a arc the 
bracteolvB of the pedicel. 

^Suppression of organs becomes exceedingly striking when associated 
witli- suppression of entire whorls. Thus, in CaUitri^ the iloral enve- 
lopes are wanting, and while the pistil indicates the tetramerous type, 
three stamens are suppressed, so that the perfect flowers consist of one 
stamen and one pistil, and the imperfect flowers often met with are cou- 
posed respectively of a stamen and a pistil. The latter condition occurs 
also in the greatly reduced flowers of our native species of Euphorbia, in 
which the mvnlucre encloses one naked female flower, consis^g simply 
of a pistil, and a number of naked male flowers reduced to the condition 
of a single stamen, 

A curious kind of regular suppression, not interfering with symmetry, 
is sometimes met with, where the typical pentamerous condition is re- 
placed hy the tetramerous, either in flowers or the same plant or on diflerent 
individuals of the same species. Thus, in lluta, in some species of SeAum, 
and some Aldnets the flowers have the organs sometimes in circles of 
flves and sometimes in circles of fours, without any other accompanying 
deviations from the character of the species. 

154. Union of tho organs of the flower consists either in cohesion 
of the parts of a whorl with their fellows, or in adhesion of organs of 
one whorl to those of another. Both occur in almost every possible 
degree. It must bo borne in mind that these terms are often ap- 
plied to cases wherein there has really been no iiftion*of proviouidy 
disunited organs, but a want of separation between parts wbi^h in 
other cases are ^joined. 

155. Cohesion occurs in the calyx, producing what is called a 
vnonosepalous (or gamo sepalous ) c^yx ; also in the corolla rather 
iess firequentiy, fommig a monomiahyus^ (or gamopetalous) borolla. 
With these terms are contrastea polystpahue and polypetalous (or 
d^ysep-petalons), used to indicato that the sepals and petals are 
distinct, i, e. not coherent. 
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In the Vine the petahi cohere above, whUe they are distinct below, 
and the flower opens br the ee;jAmtioji of the corolla from the re- 
ceptacle ; the sepals of Eschsch^lfztd are entirely coherent, and fall 
off like a cap. 

Union is less common spong the stamens; but in some Orders they 
are' (^heront by their fl^aments into one piece ( imtuulelphf^ns ^ . in 
others into two or more parcels. Other plants hare the anthers 
coherent while the filaments are free ; and in some 

diolinous flowers the stamens are united into a kind of column. 

The carpels exhibit every dc;^ee of confluence, f/om a slight co- 
herence .,at the base to a firm union by their sides, complete conflu- 
ence of the ovary with the stylos free, confluence of ovaries and 
styles in part or entirely with free stigmas, and complete confluence 
of ovaiy, styhis, and stigmas. In Ascle 2 )iudaceae we have confluence 
of the styles, while the ovarian portions of tho carpels arc only 
slightly coherent. 

Tho details regarding coherence will be treated of more conveniently 
in the chapters on the separate organs. 

156. Adhesion may exist between the inner and outer circles of 
the floral envelopes, between petals and st/imcns, and between sta- 
mens and pistils, also between calyx, corolla, and stamens with 
pistil free ; or the calyx, corolla, and stamens may all adhere to the 
pistil. No case is known of adhesion of tho three inner circles with 
a free calyx. 


What is commonly termed adhesion is more strictly want of separation 
between parts which ordinarily become detached one from the other 
during growtUt 

157. The point of emergence of an organ is inappropriately called its 
insertion ; and when an organ is not adherent to any other circle, but 



Fig. 169. IIy(>ogjnou8 flower of Sanwnculwt in Motioa. 
Fig. 170. P^igjnoiiB flower of IVumim, in section. 


eme^B ^rectly from the receptacle, it is said to be free. When the 
outer organs are thus inserted on the receptacle, they are called hy;po^ 
gjfhmu (flg. 169), signifying b^w tlie pistii ; if the stainenajBpw 
« adhere to tiie free tube of the o 4 j 3 i;.<aLeor|^]it,-tl^ are said to be 
^jftrigynowt (fig. 170) ; while if the tabe of ^e cidyz or receptacle is 
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carried up and adherent to the sides of the pistil, the stamens be- 
come apparently inserted on the top of the ovary, and are then called 
epigynovs (fig. 171). 

8oma other terms are used in reference to the insertion of the 
petals and stamens : thus. t 1mlnmif.QrqiL or inserted on the receptacle, 
is synonymous with hypogynoiis (fig. 169) ; m lycijlo rah igdi^ fing 
insertion into the throat oi tne calyx, may agree with either tlm pe- 
rigyn ous (fig. 170) o r epiga mousifig. 171) conditions; wMlc coroW^- 
floiyiTj mserlecT on the tube of the corolla, is a form of the ^33^- 
noiis'uiaeriiQji.. ^ 

1;>8. The teims inferior xuid supm^r are occasionally.,applicd to 
the calyx, according as it is fret (fig. 160) or adherent (fig. 171) to 
t he ovary all the way up ; occasionally it is half-superior {Saxi~ 
f ciga, fig. 172). The same terms arc also applied to the ovary in 
the reversed sense to indicate the same conditions : r. e. when the 
calyx is inferior, the frt?e ovary is superior, and vice versa. 

The terms perigynom^ &c., and cdyciflaral^ &c. are in constant use 
and* very coiiV(^nient, but they may convey false notions as to actual 
structure. In the perigynous fiowers of BosaceoD, for example, such as 
thosci of Fragaria^ Geum^ &c., the stamens appear really to rise from a 
discoiil ftXpHiiaion of the receptacle, forming the supposed throat of the 
calyx, and in Fyrus (fig. 173), and other similar forms the carpels 
are really tmclosed in an excavated receptacle or rewytaadar tubcj 
the upper edge of which sepals, petals, and stamens anse. 


Fig. 171. 



ig. 17L. Epif^ynoud flowor of an Umbellifer, in flection. 


The a^eience of stamons to piatils produces what is the 
amndrm condition, so remarkahle a character of the Ordiidacee 
nd Asclepiadacese. 

159. Irregularity of flowers arising frjm unequal size, different 
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form^ or unequal union of the organs of whorls is extremely common. 
Different form and size produce irregularity in the floral envelopes 
and stamens of many plants where these are free ; and this is o^n 
associated with irregolarity arising from suppression. The irregular 
union occurs alone, or is superadded to all the rest when the organs 
are ^herent ; this condition is oftenest found in the floral envelopes, 
in toe stamens less frequently, and in the pistils perhaps not at all. 

Irregulai' polypetalous flowers illustrating this point present themselves 
in Fa^onaceous plants, in Fumariacess, Violacene, &c. ; irregular poly- 
sepalous calyces occur in Aconitmi^ Delphinium, &c. Stamens are gone- 
raUy alike in the Same circle ; hut in duly^nanwus stamens (two long and 
two shdrt) there is on exception to this. Irregular Ui^onosepalous calyces 
and irregular monopetalous corollas are met with in endless vai'icty of 
forms, in the majority of which there is a tendency of the component 
organs of a whorl to ^sociate together in two groups, front and back, so 
as to produce a bilabiate condition, as in the corollas of most Labiatm and 
Scropnulariacem. Unequal degree of union stamens produces the 
diadelphouH condition of many Leguminosic, and the still more irregular 
polyadelphous condition in the Orange. These points will bo further 
exmainea in the next Sections. 

It may be repeated here, that the deviations from irregularity fatting 
under this head almost universally arise during the development of The 
bud from its originally regular rudiments. 

160. Most flowers have only very short or contracted intemodcs 
developed between the whorls; that is to say, the receptacle (§ 141) 
is usually not lengthened. Exceptions occur to this, however ; for 
in the Caper tribe we have long internodes between calyx, corolla, 
stamens, and pistil, producing a very curious appearance. In 


Fig. 176. 



ISf 1 w internode between the oalyx and corolla. 

Sf’ ITS SwiSJSfJfc of the BoMe; the pi^f eeated on an ezea^ted reoei)tacle. 
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Dianthus and Silme (fig. 174) there is a short intemode between 
the calyx and corolla, in Gentiana between the stamens and 
the pistil. In the Bose (fig. 175) the receptacle is expanded 
into a cup, from the inner walls of which the carpels arise ; and in 
NelumUum the carpels ore immersed in a large ficshy receptacle. In 
many cases what is termed calyx-^tube is in reality a tubulazppro- 
longation of the receptacle, from the edg§ of which the calyx, petals, 
and stamens arise. In the Pacony the receptacle is raised up into a 
kind of oup or disk ” round the carpels, in JP. Moutan enclosing 
them all but tlie stigmas : the apparently inferitr position of the 
ovary of Victoria depends on the discoid development of the rdbeptacle 
where the outer fioral circles are inserted. A ring of simile nature, 
f r oe from the ovary, occurs in Akhemilla, Another condition exists 
iu the Mignonette (lieseda), where the cup-like or annular develop- 
ment of ^0 receptacle is inside the fior^ envelopes, and forms a 
8ux)port to the stamens surrounding the ovary. This form of the 
<< ^sk,” which occurs also in Acer (fig. 176), must not be confounded 
with those depending on the presence of perfect or imperfect whorls 
of abortive fioral organs (§ 195). The cpigynous disk of Umbelli- 
ferse (fig. 171) and allied orders is probably a development of the 
rece])tacle, since the so-called adherent tube of the calyx is perhaps 
an excavated receptacle (§ 171). In Oiremf and to a greater or less 
extent in other Onagrace®, the cpigynous process supporting the 
floral envelopes and stamens is prolonged into a tuto above the 
ins ■jrior ovary, surrounding the long free style. Where organs are 
mi$|,^iplied, we often find the receptacle len^ened into a conical or 
clavate body, to give room for the insertion, as with the pistils of 
Manuncuhis (fig. 169), Magnolia^ Fragatia, <kc, ; and this expansipn 
extends down to the region of attachment of the stamens in Banwii- 
erhis, Magmlia, and Nym^hcea^ where it is sometimes thickened, 
and is caUod a torus or thalamus* In Geraniace® the receptacle is 
p];plonged into a column in the centre of the confluent styles ; and 
the same occurs to less extent in Eiiphorhia. 

161. When a circle of organs is removed from its predecessor by 

a sjbalk-like intemode, it is called The column supporting 

the carpels of Geranium^ or those oxCfmbellifer®, is tenped a ^ry ci- 

the stalk of the ovary of Gmiiana is a og nop^rA ; a stalk 
above the corolla, supporting both stamens and pistils, is a 
dr^ hgre* .Considerable influence is exerted in many cases^ the 
oVtigmSpA the receptade, as in Leguminos®, Acomtum, DdjpMniwm^ 
and many other irregular flowers. 

162. llio modifications arising from enation have been already 
alluded to (§ 149), while those dependent on the suhstiMion of one 
organ for another, as in many double flowers where the stamens are 
replaced by petals, demand only passing itotice. 
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Sect. 8. The Plobal Entelofes. 


Fig. 177. 


163. Tho floral envelopes of a typical flower (§ 21) consist of two 
dirdes of organs, forming the calyx and corolla. There is no funda- 
mental diflerenco between sepals and petals (the organs w^ich com- 
pose these circles) ; and tho only general definition that can be given 
is, that the outer circle (or, if only one circle exists, that circle) is 
the calyx ; the corolla consists of the second circle (or sometimes of 
additional circles) of foliar organs intervening between the calyx 
and the stamens. 

164. *^ The above definition of the 

calyx is liable to exception in rare 
cases ; for in the Malvaceae, the Dip- 
sacese, and some Eosacess tho true 
calyx is doulAe, that is, a circle of 
smaller organs, resembling sepals, or 
a tubular cup, stands outside the pro- 
per calyx, forming what is called an 
^icalvx (fig. 177). The ambiguity , 
m these cases is removed by the ex- ^ . 

iBtonoe of a woU-developod coloured 

corolla inside the calyx. b. Potentuia (Boiiaven). 



The epicaljrx of Malvaceae, like that of Bipsaceae, is perhaps to be re- 
garded as an involucre of bracts. That of l\jtentilla (fig. 177, B) and allied 
genera is sometimes supposed to represent confluent lateral lobes or sti- 
pular appendages of the sepals. 

165. A difficulty arises in the ex^t description of the floral en- 
velopes, from the use of the terms verimitk and perigone. which are 
applied in a manner that involves confusion, since ;—T7thcse words 
si^ufy tho calyx and corolla taken together when the sepals and 
petals ore all petaloid, as in the lily, I'^ip, &c., and when they are 
all green and sepaloid, as in the Dock &c. ; and, 2, the words are 
commonly applied to the calyx in tho Orders where it regularly exists 
alone, either in a sepaloid or petaloid condition, as in Dajphne and 
the Monochlamydeous orders generally. 

The terms penanth and perigonef which wo take as synonymous, are 
convenient ds allying to instances where the distinctions ordinarily 
traceable between calyx and corolla are not apparent. 

166. The arrangement of tho floral envelopes in the bud, the 
oss^wari^pr VTOBilomtwn. is a subject of great im^rtanco in spte- 
matic bdlony, as offering very regular characters in the majorijjy of 
the nato]^ orders. 

The jditbs of sestivation given in illustrative works are taken from hori- 
zont^.;^ctions of the bud just before it opens; and in cases where the 
sepa^^ petals are coheren^belowi the section is supposed to pass through 
lobes of the limb. 
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167. The ffistivation of flower-buds a^ees essentially with the 
vernation of leaf-buds (§§ 112, 1 13), esix?cially as regards the folding 
of the individual organs ; the sepals and petals may be reclinate, con- 
duplicate, plicate, convolute, involute (a still further roUing-in ren- 
dering this induplicafe), revoluie (in excess becoming reduplicate)*, 
and an additionid case is found in Poppies and some other flowers, 
where the petals are irregularly crumpled-up, or corrunede^ 

1 68. Collectively, the arrangement of the organs is cither imhri - 
cate, corHorted , fic valvate. each of which forms, however, has its 
modilicationsr The hnhncate is a natural rosult^of the siural suc- 
cession of organs^, and with the | x>lan we commonly find*what is 
called the giiincuncial lestivation (fig. 159). A deviation from the 
iN'^ular spiral order is found in the imbricated buds of Papilionaceous 
and some other flowers, where the second petal has its margin inside 
instead of outside the JTourth (fig. 178, a); this is called the jgaiZ- 
lan/ apstivatio n, since it occurs especially in Papilionaceous corollas, 
where the l^ge outer petal is called the mxillum. 


Fig. 178. 

A. B. C. D. 



Fif|r, 178. .^Btivation of coroUaa. 

A. Vexillary aestiTation of tho corolla of a PapilionacoouH flower. B. Contorted estivation 
of tlic. corolla of Malva. C. Yalvatf* ivstivation odT the corolla of Viiis. li. Placate 
estivation of the corolla of Conwltulv^. 

•» 

The contorted or convolute sestivation is produced by the organs 
standing very obliquely on tho receptacle, as it were with one edge 
turned to the centre of the flower and the other rolled round tho next 
succeeding organ (fig. 178, b). 

The valvate sestivation presents still more modifications. The 
margins of the organs may be directly in contact (fig. 178, c), or they 
mny be involute (fig. 125), or induplicate, or, vice yers4, reduplicate 
(fif;,. 129), or conduplicate, in aU of whi(^ cases the rolled borders 
only are in contact, and 7ot the absolute margins. When the organs 
ore coherent at their margins,, they sometimes 'hooomo plait^ or 
plimte, and a kind of combination pf this mid the contorted form 
ocAirs where the projecting plaits are all rolled round in one direc- 
tion (fig. 178, d). 

The calyx ana corolla may both have the same SDstivation, or they 
may be different ; and these characters generally hold good through-’ 
out Natural orders. 
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In the MalvacesB the SBstiyation of the calyx is valvate, and that of 
the corolla contorted ; in Hymricuniy BianthuSf &c. the calyx is imbri- 
cate and the corolla contorted. 

Some additional terms are used by recent authors to express minute 
difierences in the ssstivation^ furnishing valuable character in some of the 
large and multiform orders of Mdnopetalbus plants ] but it is unnecessary 
to enter into these minute particulars here. 

169. Thb direction of the spiral in imbricated and contorted (esti- 
vation is variable, sometimes oven in the same plant : occusiojially the 
direction changes in passing from the calyx to the coroUa ; at other 
times it 'remains tbe sumo ; and this character is sometimes constant, 
in other cases very inconstant, in determining the direction of 
spirals, right-hand or left-hand, it is usual to suppose one’s self 
standing in the axis of the organ ; but many authors suppose them- 
selves standing in front of it ; for instance, in the place of the bract 
of a flower, which gives the exact opposite of the former ; hence great 
confusion in the application of the terms dextrorse and sinistrorse. 

The Calyx. 

170. The calyx is the outermost circle of the floral envelopes. It 
is composed of modifled leaves, called sej^ls ; according as the sepals 
are distinct (§ loo) or coherent, the calyx is termed polysepalous 
(or dialysqtalous)^ or monosejpalom (or gamosepalous). 

• The exceptions to the absolutely external position of the calyx have 
been pointed out in § 104. 

171. The sepals generally bear more or less resemblance to bracts, 
being attached by a broad base, seldom articulated, without any 
stalk, and of a green foHaceous texture ; not unfrcquently, however, 
thdir texture is of the coloured and delicate nature described as 
petaloid. TheJ arc usually entire ; but the margins are sometimes 
cut, as in the Rosc *(figi 158), and they are occasionally reduced to 
scale-like, or even feathery or hair-like processes. They are like- 
wise subject to the production of pouches, spurs, &c., especially at 
the lower part, both when distinct and when coherent ; and the apex 
is often more or less prolonged into a point or spine. Their mode of 
venation is usually l^e that of the sheath of the leaf. 

Some conflision*is liable to otise in the condition called a superior calyx 
(§ 158), where the segments are totally free : if we suppose an adherent 
tube to exist below, such a calyx would be monosepalous ; but the so-called 
calyx-tube is usually a cup-like receptacle, and the sepals kiise where they 
appear xo De mserted^for example, m KosacesB, UmbeUifersBi Gucurbita- 
6e8d, CompositaB, &c. 

172. In polysepalous calyx, if the sepals are alike and sym- 
metricaUy JlIliiged, the calyx is regidar; if some of the sepals are 
larger thas^Sn^ers {JSdiantl^umy Chelranthus (fig. 179)), it becomes 
irregular this is still 'more the case when &e Sj4^ differ in 
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form as well as size. Some of the most remiixkablc irregular forms 
of polysepalous calyx occur accompanied by a petaloid condition, as 
in Aconitum (fig. 180) and Deljpliinium. 

The coloured calyces, both regular (Fucimd) and irregular, may be easily 
mistaken for coroll^ ^ but they are known by their exterior positimi. and in 
some cases by the existence or a more orless perfect coroUine circle within. 

1 73. The direction of sepals (whether ^stinct or coherent) is indi- 
cated by technical terms ; thus they may be eo%nivent (the 
points turning in), divergent ^ or oven relived . 

174. Whc'n the sepals are confluent or not separated, the wiowo- 

se^palom calyx (fig. 181) is usually described as a whole. Jhe part 
where the sepals are coherent is the tv]l>e ; the upper boundary of this 
is the fhroat {faux) ; and the free or spreading portion constitutes 
the — ^comnosod of hhes or teeth with intervening sinuses when 

the upper part of the sepals is more or less distinct, entire when 
the sepals are so comf9letely confluent that the compound nature is 
not indicated by any teeth or fissures at the free edge. 

It is necessary not to confound the receptaoular tuhe with the calyx^tuhe 
pTOier. An investigation of the course of development will show the 
diflerence between the two, and generslly speaking the podtion of the 
petals and stamous; if the latter axe pent/i/mms, it is probable that!; he 
tube below is receptacular. The venauon and internal structure will also 
serve as guides in this matter. 

175. The monoscpalous calyx is subject to the same kinds of modi- 
fication as that in which the sepals are distinct. It is either regular 
or irregular. 

Of the regular kinds we find a large number which present forms 
admitting of general technical names, such as tubular or cylindrical, 
ew-shaped , infundihuliform or funnel-shaned. or^ befl- 

shaped. urceolate when the tubular form is e^i^anded below, turhi- 

Fig. 180. 


Fig. 179. 




Fig. 181. 



Kg. 179. C^eiranihut. Two of the four sepalB are dilated or 
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•mie or top-^jihaped when expanded above, when the lateral 

view is oval or roundish with a narrow inoum {fig. 181), &c. (See 
§ 182.) In some species of Campanula there are rcg^iilar appendages 
at the bottom of the sinuses between the teeth. In Primula and 
some other genera the tubular calpc is angular or plaited. 

Calyces nearly resembling the above are rendered irregular cither 
by a greater extent of disunion taking place between some of the 
sepals, the Intervening fissures being so much deeper than the others 
that the teeth become associated in two sets, ginng^a hilahmfe con- 
dition (fig. 182)— 7 -or by irregularities at tlic base, where a sEallow 
pouch renders the calyx qihhov^^ a deeper one saccate^ and a long 
narrow i)Ouch forms wliat is callea a spur . In PeUirgommii this spur 
adheres to the peduncle. 

In some instances a tubular development of the receptacle or flower- 
stalk simulates the spur of the calyx. 



Fig. 182. Bilabiate naljx of Salvia, 

Fig. 183. Floret of Scabiosa, the limb of the calyx in the orm of bristles (pappw). 

Fig. 184, Fruit of Cioherium^ crowned by the peraiatent calyx represented by a circle of spines 

Fsg. 185. Sd^^ of the persistent calyx, enclosing the ripe capsule, of 


The free portion of the calyx of Compositae, Dipsacem, and Valeria- 
naceffi exhibits a very aberrant condition by appearing in the form 
of scales, bristles, or feathery or simple hairs, constituting what is 
called the mpvuA (figs. 183, 184). In Cmtranthus the limb of the 
calyx is^undevel^ed when the flower opens, hut expands during the 
ripening of the fiuit into a crown of feathered processes. 

Further devils respecting the characteis of the calyx are given under 
the head of the PhiatAh, 

]fr6. The duration of the calyx varies much. In the Papaveracese 
it is cttdiicoMjr. falling off when the flower opens ; if it falls with the 
corolla soon after fertilization of the ovules, it is deeidmus ; very fre- 
quently it is persijstent during the ripening of the seeds, as in Labiatse, 
some Solana^ae (Sg.1.85), Compositse (fig. 184), &c. ; the upper part 
sometimes separates by a circular slit, leQiving the base, as in Datura 
Stramonium ; occasionally it grows during the maturation of the 
finiit, and is then aocreattni j forming in Physalk and Trifolium 
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fragiferuvi%, for example^ a vesicular envelope to the fruit. In the 
Marvel of Peru and other plants it is marcmenU remaining and grow- 
ing into a firm envelope of the fruit. _ 

The CoroUi^ 

1 77. The corolla is composed of ' ^ 'tte leaf-like organs or fioral 

envelopes situated between the calyjit 9hd the stamens ; these are 
called and may exist in one or More circles. Where many 

circles exist, the inner organs often become stunted or deformed, 
and more or loss resemble barren filaments oj abortive stamens 
(Nympheea), Each petal, under ordinary circumstances, iutervenes 
between two sepals. 

The petals are either distinct, and then the corolla is called jpoZi/- 
^jetahiuSf or they are more or less coherent (see § 155), and the coroUa 
is monopetaioiis. 

When more than one circle of petals exists, the corolla is multiple or 
double ; this is nonnal in certain plants, but is very liable to occur from 
transformation of stamens &c., or actual multiplication of whorls, as in 
cultivated flowiTS of the Hose, Camelliaf lUtnmunihut, Anemone^ &c. 

178. Although petals c^art more than ordinary sepals from the 
charaett^r of true leaves incolonr and texture, they present greater 
resemblance in some respects, sinci^ they usually have a more or less 
developed petiolar region, which is souietimes of considerable length, 
at other times a mere thickened point; and they are commoiilj 
articitiated to the receptacle. The petiolar portion of the petal is 
called the clatv (umjuis), the expanded portion the Jimh (lamina) 
(fig. 18(5). Petals are likewise more frequently cut at tlTe margins, 
as in the fringed petals of Pinks and the laciniated petals of Lychnis 
Flos-Cimili, or they are deeply divided into lobes, as in nfany 
Oaryophyllaceffi (fig. 187), and the pinnatifid petals of Schizoputalvm 
&c. In some cases they exhibit processes on the inner face, which 
have been supposedrto b^e related to the stipules of true leavi^. as in 
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The relation of iSese internal scales or processes to the stipules is in- 
ferred from their resemblance to the l%g%(h of Grasses. They are, howeve:^ 
generjJly snealang. merely instances of enaiiim or excrescences ftom the 
toima m a comparaiiVeiy late siage of tne development of the latter. 

179. The forms of petals resemble many of those indicated for 
simple true leaves ; in addition to which others occur presenting 
curved surfaces : these are called simply concave^ navicular or boat- 
shaped, eocVmriform or shaped like the bowl ol^ a spoon, &c. ; or they 
may have basal pouches, and be ffihhons, saccate , or spurred (^fig. 189). 
Others have peculiar appendages above, such as the ct’ggs in Pohjgala 
and the sfmn-?i^^nflexed points in the petals of t£e iJmbelliferaj. 

The term ^tary is vagudv employed to indicate certain struc- 
tures of varying character intermediate in position between the 
petals and the stamens, and different in aspect from both. 

180. Petals are or^narily of delicate structure and coloured, 
whence we derive the term petaloid^ but they vary in texture from 
a membranaceous to a thick and deshy condition, such as we sec in 
Magnoliat Nymphem^ &c. 

181. Polypetalous corollas are regular when the petals are equal 

and symme&ically arranged ; the individual petals may be themselves 
either symmetric^ or oblique, provided they are all alike. Some of 
them have received special names, such as : — the rosaceottA. where 
there are five spreading petals ; the l iliaceo us where six petals spread 
gradually from a funnel-shaped orifpnT" caryophyUa^c^us, whore five 
petals have long erect claws from which the limbs turn off at a sharp 
angle ; where four such long-dawed petals with horizontal 

limbs stand in the form of a cross, as in the Wallflower, &c. Slight 
degrees of irregularity arise from some petals growing larger than 
others, as in the case of the outer petals of the outer flowers of tho 
corymbs of Iheris of the umbels of Umhelliferas^ &c. ; but more stri- 

Pig. 190. Fig. 192. 


Kg. 191. 




190. Flower of ^eonlAtmwith the lepele removed, ihowing the two hemmer^headed 
IMaterior petale (or aeohurfes) with lateral and anterior eoale-like petals, out- 
side the numerous stamens. A 
lOL miahiate seroll-like petal (or neotary) of JSMMorvs 
Isa Tutmlsr floret of Oompositb. 
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king irregularity results from unlikeness of the petals and disturbance 
of symmetry in their insertion or point of emergence. The imperfect 
corollas of Aconite (fig. 190), Larkspur, &c. are examples of this ; 
and a still more important case occurs in the papilionaeeouB corolla 
of Leguminosce (figs. 193-195), which is composed of five petals, of 

hicli the posterior, the yeofillum (fig. 194 a) or standard, the largest, 
usually symmetrical in form, is placed transversely ; the- two lateral 
(fig. 194. 6, 6), mostly oblique in form and small, forming the alee or 
wings, stand right and left with the edges fore and aft ; andtfietwo 
anterior (fig. 194, c, c), also small and oblique, •often col^erent in 
front, and forming the earing or Iceel^ also stand with their edges 
forward. 

Examples occur in the large order Legiiminosie of almost every modi- 
fication of the papilionaceous corolla, approaching to regularity in JBaptkia 
for instance, and still n^re in Cassia, irregular corollas exist also in the 
FumariacesB, in Violay Balsaminacese, Pelargmiumy Tropeeolumj &c. &c. 


Fig. 194. Fig. 196. 



Fig. 19S. Papilionaceons corolla. 

Fig. 194. The separated petals: a,Tezilliim; 5,6, ale; e.e.oaiina. 

Fig. 105. Ground-plan of floral enrelopes, showing the lestivation of the petals. 


182. The mompetalous corolla has a fu6e, f^roaf, and limh like the 
monoBcpalouB calyx (§ 174) and similar terms are used to indicate 
the more common regvlar forms, such as tubular (fig, 192), cam^ 
paaulate (fig. 196), fiinnel--8hap€d or infundihuJifarin (fig. 197), 
ureeolate (fig. 198), &c., a few others being requisite for ttie cortUa, 
more especially such as when the tube is extremely short and 
the limb spreads at a nglix angle (Anagallh\ hwaeraUTiprm or 

a similar limb turns off from a long slenderluSe 
{Ja^mtnum^ Phhx) (fig. 199), &c. 

183. Irregrdar monopetalous corollas often furnish important sys- 
tematic characters ; and several forms or classes of forms have 
specif technical names. . The liaudate coj^)lla is tubular at the base ; 
but disunion soon occuning at onelamuB, the limb is turned off to 

7 5 
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one side in the shape of a flat riband or strap, on the margin of 
which occur more or less distinct teeth indicating the five component 


Fig. mi Fig. 107. Yig. 109. 



xi-**’ corolla of a Gl-entinn. Pig. IftS. Urceolati; corolla of a Heath, 

xig. 19<. fuiuiel-Bhaped corolla of Convolmlw. Pig. 199. l]/rpocratcriform corolla of PA/ox 

petals (fig. 200) ; this is especially found in the ray florets (§ 131) 
of Compositae : a modification with the tube and limb wider in pro- 
portion to the Icn^h occurs in LobeliaceoD. The Icdnate or hilMate 
corolla of the Labiatm (fig. 201) is formed by thcTwo"uppcr"pefals 
of the .limb, which are scarcely at all scjiaratcd, and stand apart 
from the three lower or anterior petals, which also are only partially 
separated, forming a lower lip opposite the upper one and projecting 
forward from the throat of the corolla : sometimes the upper lip is 
concave, and is then termed galeatSy or hclmct-likc ; in other cases 
{Ajnga) it is almost abortive. 

Almost eveiy modification of this form occurs in the Labiatm, ap- 
proaching to an almost regular tubular corolla in Metitha, I'his form 
occurs also in the florets of some Compositac and in those of various l)ip- 


Fig. 200. 



Fig. sob. Idgnlate floret of Coini)osit«. 

.Fig. 201. Bfl^teocMrdllBofS'a/Dia. 

Fig. SOS. Oorolla of Veronica, hilalhato in stniotarA bat the segments spreading like a rotate 

OWOUfto 
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sacefe, wliere^ however, the upper lip is 3-lobed and the lower 2-lohed ; 
in the llonysucMe the upper up contains four petals, and the lower is 
formed by a solitary one. Veronica has an irregular corolla intermediate 
between inlalnate and rotate (fig. 202). 

184. The versonate or masJc’-Jike corolla is rather indefinite in 

rm ; the type of it occurs in Zlntirrhinum (fig. 203), which ap- 
proaches the labiate form ; but the throat is closed by a jjibbous pro- 
jection (forming the palate)^ giving the front view the appearance 
of a ma^ with^a broad-lipped mouth. 

This is accompanied by a similar gibbous condition of the base of the 
tube in Antirrhinumy and by a spur in the same situation iit Linaria, 
Aberrant forms of this type occur in Cdceolariay Utrietdaria (fig. 204) ; and 
iL runs into the labiate form by such corollas as those of Melampyrum &c., 
becoming tubular in Digitalis. Forms allied to this occur commonly in 
Bignoniacea*, (lesueracem, AconthacosD, &c. 

185. When the thrftat of a bilabiate, or irregularly lobed tubular 
corolla is widely opened, it is called jinqent or gaping. 

180. Petals when distinct sometimes exhibit appendages on the 
inner face wliich have been interpreted as stipulary, as in Lychnis 
(fig. 188) ; in lianunculus we find a minute scale at the base, and in 
jParnassia a largish scale, simple or divided, and of glandular cha- 
racter. In monopctalous corollas wo often find a drcle of scales in 
the throat, either free or confluent into what is called a (^ronet 
(corona), sometimes developed so far as to produce a long tube pro- 
jecting from the throat. In other cases there is simply a ring of 
hairs in the throat {Mentha &c.). 

In most cases the scales are opposite to the lobes of the corolla 
(fig. 205), rardy alternate and opposite to the sinuses. 

ICxomples of circles of scales in the throat occur especially in*the 


Fig. 206. 
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BoragixuicesB {MyoKttw, Symphytum^ &c.), in Cusadaf &c. In Karcismis 
poetieus and other species the corona is a complete rinpr, while in N. 
paeudo^nareissus (the Daffodil) it forms the deep yellow tube projecting 
from the centre. Some authors attribute these structures to ^onsis, 
and derive the explanation of opposite stamens from them (§ 140) ; others 
. regard them as representing p circle of regular stamens in an abortive 
condition ; and the alternate scales of Samolm may represent on al)ortive 
circle of stamens^ as this would restore the symmetry of the dower. 
Usually they are mere outgrowths from the petals, formed by evudion at a 
late st^ of development. * 

These structures/by a confusion of terms, have been called mdaries and 
nectarifetous scales (§ 179). The tetms scale and cormiet are 
more exact and convenient. Fig. 206. 

187. The duration of tho corolla is caduco%ts^ deci- 
duous, orpermtent, like the calyx. Occasionally it falls 
away in part by a drcular slit, as in OrohpncJie and 
RJiinanthus. 

In Vitta the caducous coroUa separates from the recej 
at the bases of the petals, which cohere above and off ui>tais, coh^rinff 
like a little star when the flower opens (fig. 206). The 
corolla is mostly deciduous ; it is persistent m Campanula, shaped piece. ' 

The Perianth. 

188. This has been defined as consisting of the floral envelopes as 
a whole when composed of two circles of similar organs, or of one 
circle (a calyx only) when the general character of the Order is 
Monochlamydeous. 

Attempts are sometimes made, in cases where a single circle only exists, 
to **di8tin^sh whether this should bo called a calyx or a corolla ; if 
a single circle of stamens stands opposite to the lobes, we may suppose a 
corolla of alternating petals to be suppressed ; if the stamens alternate 
with the lobes of a simple perianth, nothing would appear to be sup- 
pressed between them, and in this case we may suppose that it is really 
the calyx suppressed. 

189. A large number of the Monocotyledonous Fig, 207. 
orders possess a petahid perianth ; that is, there 
are^ two circles pf petaloid organs, which, from 
thdr resemblance, or their actuisd coherence, have 
the. appearance of a single hexamerous whorl. 

This perianth may bo regular (fig. 207) or irre- 
gular, like the normal calyx and corolla ; it may 
he polyphyllow or monophylhua ; and Ihe outer- 
ciide may differ to some extent from the inner Begniars-meron^eto- 
in form, size, and colour, without other irregu- ^ 

larity. The forms are d^ribed hy tiie same 

teims as those used for the calyx and corolla (§§ 176 & 182). 
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We have a regular polyphyllous perianth in the Tulip and Lily, a 
re^ar monophylloufi perianth m HemerocaUis, (hiivaJIlariaj Tamu8, &c., 
a regular polyphyllous perianth with unlike circles in Jm, and irregular 
polyphyllous perianths in Zingiberaceae, Orchidacess, &c. 

190. The irregular perianth of Orchidacese (figs. 208 & 209) re- 
qv’!res especial mention, as the Order is very large, and the characters* 
of the perianth peculiar. There are three outer org^s (a, a, a), 
more or less alike, and usually smaller than the inner ; of the inner, 
the latefal (h, 6) arc smaller than the posterior (h'), called the lip 
(or lahellum X which is often excessively devclopeil, and even divided 
into regions which receive separate names ; in many of otir native 
Orchids it possesses a spur (fig. 208 6*). 

191. The jxjrianth of the Palms, of Juncacem (fig. 210), and other 
Monocotyledons is composed' of scale-like, fleshy or membranous 
organs, either free or ^confluent, approaching to the condition found 
in the Glumiferm. 


Fig. 208. 



Fig. 209. 



Fig. 210. 



Kg. 208. Kcmer of ao Orchia, aoen in its natural position, where* owing to the twistinff of 
the inferior ov^, the anterior part is abore and the posterior below, o. 2, o, 
^ws^t sep^a; 6,6. the lateral petals; 6', the labeUmn. prolonged 
. ^ ^ ftt the base into a spur, 6*. * ^ 

S!?* Sy^wmd-nlim of the flower, with the same referenoea. 

Kg. 210. Kower of lAunda : 6, the 6-merous soalj perianth. 


192. The perianth of the Ifonoohlamydeous Dicotyledons is roiy 
vanod m form, texture, and colonr. It may be monophylUm or 
polyphyJUm, and then regwter (fig. 211) or irreg^r (fig. 212), and, 
morrovOT, pdakid or sepaloid. It is reduced to the lowest state in 
the F^lar (fig. 213), where it is a more membranous cup ; and it is 
absent m the allied genus SaHix, as also in the Ash (fig. 214). 

A monoj^yUouk coloured, regular pepanih exists in Thymdacem 
5 the duU-Hiolouied monophyDous perianth of Jririohaia is 
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irregular (fig. 212). The nionophjllous sepaloid perianths of UImm and 
Cadanea (figs. 215,210) &c. ai'e regular; the polyph^lloiis sepaloid perianth 
of Urdcacefie is also regular. In Pdygonum, the regular monouhyllous 
perianth is partially petaloid; while, in the same Order, Mmnex ana tUimm 
haye a double circle of unequal, wholly sepaloid organs. 


Fig, 212. 



Pig. 211. Bngnlar perianth of AMrum, 

Fig. 212. Irregular jierianth of O/ma/t/ut. 

Fig. 21H. Flower of the Poplar: ^ , from a male catkin ; $ , from a female catkin; 
each with an ulwrtive perianth. 

193. The perianth of the Glumiferous Monocotyledons requires 
special mention. 


Fig. 215. Fig. 216. 



Fig. 214. Baked flower of the Aah (IVaxinus ejfeehior). 

Pig. 216. Flower of the Elm {XJlmwt), with a r^lar 6-tocithed perianth. 

Fig. 216. Involucre or young cupule of the dheatnut {Caatanea vnea), with two female 
flojrers, each having a regular perianth. 

& 

la the Grasses, as already mentioned (§ 126), the flowers are home 
in spUceUts^ associated in spikes, or panides. A spikelet of the Oat, 
for example (flg. 217), exhibits at its base a pair of green mem- 
branous scales, the glvmes ia. a\ more or less enclosing all the inner 
parts : these are rega%d as bracts, forming a kind of involucre ; 
Iggdt .within them are found one, two, or more flowers. The flowers 
jippiieeed one another alternately on a raehis ; and each is composed 
<'j|f two scales resembling the glumes, but smaller, called mles (palecB 
j fe dumMm) (figs, 217-219, b, V ) : Ibe outer one of wose is i£Ee 
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larger; but the inner one is forked at the top, and often has two 
distinct principal ribs ; hence it is regarded as composed of two cx)n- 
fluent parts, making, with the outer free one, three sepals. These 
pales or calycine scales often bear a projecting bristle ( aum, arista) at 
the top or on the back (fig. 21Sh*), Within tlie pales (Sg 210) occur 
tu , or in some Grasses three, little bjpogynous scales (lodieulai^ 
Xy x)^ regarded as abortive petals ; and to these succeedjDhe i 
and pistil. 



Fig. 217. Spikolot of the Oat: a, a, glumes; />, A,the outer pales of the two florets. 

Fig. 218. One floretdvtiM'hedaud opened: 6.theouterpalo(withanawn6*); 6', the inner pale. 

Fig. 219. The flame, mimnified, with the outer piile removed : 6, the inner (double) pale; a’.'jr, 
the lodicnUi! or hypogyiious Bcalefl repreflenting the petals, within which are the 
three atamens and the ovaryt with its double jfeathered stigma. 

Some authors regard the pales (especially the outer one) as well as the 
glumes as bracts. Tlie hypogynous scales are three in number in StipUj 
restoring the synmietry. 1 ne upper glume is sometimes abortive, as in 
L(diumy while m Nardm both we id)sent. In Alopecimfs only one pate is 
developed. The spikelet often contains one or more imperfect flowers. 

^ 194. The perianth of Cyperaceas, where it exists, presents a still 
pimpler condition, analogous to that in the Amentiferous Dicoty- 

Fig. 220. 



£5’ S?' Scirpu»t the essential organs snrronnded by a drde of bristles. 

Jai, Fe^e flower of Carw: a, the perigjfniwn^ or perianth, in the ozU of a braot ; 
Oi the tabular out o^nTertioally.toi^owhowit sniroands the pistil 
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leSons^ and in some cases is abortive. In Scirptts (fig. 220) it con- 
sists of a circle of bristles ; in Eriophorum it is a tuft of hairs, 
which grow out into a ^^look” of cotton as the fruit ripens. In 
Careaf (fig. 221) there is an urceolato or inflated tubular perianth 
{perigynium or utricidus) surrounding the pistil of the fertile or 
female flower, which stands in the axil of a bract ; Cyperus, Cladium, 
&c. have th^e essential organs naked in the axil of a bract. 


# Sect. p. The Essential Organs of Elopers. 

195. The essential oigans of flowers consist of stamens and 
both of which are present \n perfect flowers, although these latter may 
be incomplete^ from the absence of floral envelopes. In dklinous or 
unisexual flowers the stamens or pistils exist alone, and the flowers 
are consequently imperfect. . ' . 

As the stamen possesses a determinate physiological function, there can 
no organs ^humloiiUMij interm^iate between pelals and stame^; 
^_£OT^S]^^3^^^®rm^m^ia]E||2c^"noro]ttIy1[ioriDSIIy7aam 
the flowers of ifympntmi^ 146;, hut such structures are very common in 
monstrous double flowers, bearing anthers or pqlliniferous lobes upon the 
borders of petals. The morphological connexion is also kept up by the 
existence oi sterile filaments or stamen-stalks, which, like uie nlaments 
of perfect stamens, nmy exhibit a character. 

Still less can there be any phyrnhaicdl intermediates between stamens 


ancT p^Ms. as theylepresent disfanirt; sexes'; but here, again. morpE^ 

jogic^y.^nnexion is occasion^y shown in monstrousBowers, where 
inmeri^t oigans preMnl ttaomselves, parting of the outward characters 
both of stamens, and carpela 

Abortive organs, referable either to the coroUine or the staminal circles 
or excrescences therefrom, have been already referred to (§ 186) ; but it is 
desirable to notice more particularly the conditions of those struct 

— f- mi- 


Fig. 222. 


which am commonly described under the name of disk. The* amplest 
slate is tliat of one or more glandular papillie,l^on flielreceptacle, as in 
the Crucifeim (§ 1^). In the Crassul^m (wifum, Senpervivum) we 
find a circle of glandular bodies outside the c^els 
and between these and the stamens. In Cobeeay the 
Vine, and other flowers, there is a five-lobed hypo- 
gynous disk, the stamens being inserted outside or 
between the lobed. In Citrus (fig. 222) the disk 
forAs a perfect ring round the ovary. In Gaidth&ria 
there is a double circle of scales between the stamens 
and the ovary. On the other hand, in Vinca there 
are two glands, alternating with Ibe two carpels of 
the ovary. ^ The study of these structures is very in- 
teresting, in regard to the reduction of irregular 

jrs to regular types. Some of the structures are jiowerof owr«*withthe 
limentazy petals or stamens ; and in other cases they petaii and itpmeni re- 
i referable to developments of the receptacle itself, 
-titutingwhatDeCandoUenamedtbe tor«s ($160). ■*™®*™* 
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] 96. Tho calyx and corolla having distinctive collective names^ 
analogous terms are sometimes used for the assemblages of stamens 
and pistils of a flower : the staihens collectivelj constitute; the an- 
droecium ; the combination of carpeUory oigans forms the qvmiecium. 

The Stamens. 

• 

197. The essential character of a stamen is, that it isrthat organ 
in which are formed pollen-grainSyihB bodies by means of which 
Ihe fertilization the ovules is effected. A completely^eveloped 
stamen (fig. 223) exhibits two principal regionlf the ^ament or 
stalk (a), coiTesponding to- tho petiole of a leaf, and the^m^^(fe), 
liorrt'sponding to tho blade of a leaf — which is a hollow Dooy con- 
taining the poUen, and is therefore the only essential part of the 
organ : the lament may be wanting or merely momentary ; and the 
?inthcr then remains sessile^ like a leaf-blade when the petiole is not 
developed. The normal position of the stamens is between tho 
petals and the pistil ; each stamen, under ordinary circuxnstances, in- 
berir^enes bebweeu two petals or is alternate with them, and therefore 
mp^osed or opposite to a sepal. 

Tho base of the fllanient, or of the so-called sessile anther, is usually 
iHicndated to the receptacle T^hen these organs are free (§ 167) ; but 
his condition is more or less disguised when tiie stamens are adherent to 
he calyx, corolla, or ovary. 

198. Sterile fllainents, such as are devoid of anthers, occur 

n many flowers in regular Gircles (§ 152) ; and not unfrequently one 
}r more stamens cidst in this condition in unsytnmetrical flowers. 
Sometimes these ^taminodUi are reduced to mere scales^ as in the 
)dd stamen of S^piiularia (fig. 224), or to glandular papillie, asfn 
he fl^'wers of many Cruciferse. • 

199. filament, in its usual condition, is a slender thread-like 
tdk to the anther, and in this state is termed filiform. Sometimes 



S’ A * ®* theSlament: 6, the aAther. 

EM. CorollA of Seropkvlaria laid open, diowing the four didynamoiu ■t *"^**** and the 
poster^ buren one. or eteminode. 

S 26 . Stamen of ilttium, with a trtAd filament. 



114 


HOBPHOLOfibT, OB GOHPABA.TiyE ABATOMT. 


it is almost hair-likc, and incapable of supporting the weight of the 
anther, when it is ^mllan h as in the (irasses ; while it is still more 
frequently thick at’ tne base, diminishing gradually upwards, so as 
to become awUshaped or suhulate. In a few instances (Urtied) it is 
moniliforfn. or like a row of Wads. In other cases it is more or 
less expanoed into a petahid condition, os m Erodium; in Cmnimnula 
it is expanded in this manner at the base. Oniithoyahm has the 
filament iVdated in this way throughout. The dilated filament 
sometimes' cxtiTnts dlvisiom : In Cramhe it is forked at the summit, 
the anther standing on one point; m Allium (fig. 225), Abjmim 
calt/chiHm, Oniithoi/ftlinnnut(tns,&c, the filament terminates in three 
teeth, the middle one bearing the anther; and in Allium sativum one 
of the lateral tc»eth forms a kind of tendril. 

In some plants, as in Mallows, some Myrtacem,i7//y)fWM»?, &c., the 
stamens are very numerous and are arranged in fascicles. TheMudy 
of the development of these flowers shows that in most cases these 
fascicles are originally single organs, which become subsequently 
divided, or rather branched, so that the fascicle of stamens in such a 


cai^ may be compared to the compound lea f. 

SftlT. Appendages oJ other lands are also^ct with, such as a pair 
of glandular processes standing like stipules near the base, in Lau- 
racea; {Sg. 533), a single sjj^ in Kosc^mury ; while in Borcujo the 
filament appears to arise on Ihe face of a scale -like bod\:, and in 
Simaha and Larrea it stands at the back of an analogous s^c. 


The scalo.-like organs situated at the base of filaments, or connected 
with fascicles of stamens ( 7Y/iacc<e^, are by some regarded as furnishing 
evidence for the doctrine of chorims (§ 149) ; but they are more probably 
merely barren lobes of compound stamens. 

201. The anther has a typical form, which is subject to veiy gteat 
modification in different cases. A rexjular anther (fig. 223, h) is an 
oblong body, divided perpendicularly into t^^o Uhes ; the division is 
usually marked by a furrow on the face, and a ndge on the havh 
(or dorsum). The central region, whtch is solid and represents the 
midrib of a leaf, is called the ^nneetive ; the hhes are hollow dila- 
tations of the lamina, and GontaLT lilie pollen. At each border, 
usually rather toward the /ace, is a vertical line, called the suture^ 
ii^dicating the place where one class of anthers split open to dis^arge 
the pollen. 

202. The anther is attached to the filament in several ways ; if 

the filament runs directly without interruption into the base of the 
connective, like the stalk of an ordinary leaf, it is said to bo jywate 
gr ; if the filament runs up the back of the anther as it were, 

jb that the latter is more or less free at the base, the anther is 

o r dfemjftrcd ; if the filament is attached by a slender apr 
to about the middfe of the back of the anther, the latter idnsrstali 
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In tho Tulip, tho capillary point of the anther runs up into a conical 
pit in the base of the connective. 

203. The modifications of the anther result, from Fig. 226. 
various causes — from development of the conn^tive. 
from the presence of "aroondagos^ irom ^ariaflon^ 
form jf the an ther lohes. ancT from Bj)ecial conditions 
o? tlio internal cells ; and there are also important 
Siffereiices in the manner of bursting, or dehiscenjce, 
for the dii^feharge^of the pollen. 

204. The connective is normally a solid rib, r^^i- 

ning up the middle of the anther. If the lobes of tho 
aiitlhT extend upward or do’\\T\wai*d beyond it, the 
sumo lit or base of the anther (or both) becomes 
emarginate . On tho other hand, the summit of tho 
connective is prolonged in a membranous formtn Viola, 
and also in tho CompoStro. In Paris (fig. 22G) the stamen 9^ 
apex is lengthened into a point, also in Asa mm, nfoia. 

Magnolia, &c. ; in Xylopia into a fleshy mass ; in the Oleanders into 
a feathered process, &c. In two of the stamens of Viola the base of 
the connective has pctaloid sjiur-like appendages ; and still more re- 
markable st^ates occur in the MolastomaccaD. 

At ,other times the connective expands transversely, so that the 
lobes become more or less separated ; in such cases it may he (wate, 
orbicular, &c. {Afelissa, the Lime-tree, &c.). This is especially the 
case with the lower part ; and examples mqy be found illustrating 
this point, forming a scries from the state where the bases of the 
lobes are but slightly separated, to that in which they are inclined 
together at the summit at an angle of 45® ( Vitex) ; or, further, the 
bases are^arried out and up till they are horizontal, as in ^Pirlnis^ 




Fig. 227. Bta^u of Salvia offlvMw, with a half-author coutainioe pollen and the other half 
bmn, separated by the biftircation of the connective from the summit of the 
niament. 

BtmmaroectMimuUfhumm. w • vroniu. 
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Pnmdla, &o. ; while in other instances this goes so far that the 
connective grows out into two distinct arms from the summit of the 
filament, bearing the solitary anthor-cells at the tips: in Salvia 
(fig* 227) one of the lobes is abortive, and represented by a petaloid 
plate. 

205. The lahes of the anther are commonly oblong; in the 
Ghrasses they are linear : but they vary with the form m the con- 
nective, and are sometimes hmaie or reniform. In the Cucurbitacece 
they arc remarkably convoluted (g/nmgfeY into flat scroll-like 
form (fig. 228). Not unfrcquently ttey are attenuated upwards 
into fr6e points, as in Vaecinium (fig. 229) ; in the Mclastomaceie 
the two lobes become confluent into a tubular process at the summit; 
while a ppendages are occasionally met with at the bases of the lobes. 
as in Erica (fig. 23U), &c. . . ' *"* " '*** 

. 206. The lobes of ihost aidhers exhibit internally four cells (or 
in the early stages of development, each lobe being divided 
nuoTwo by the septum extending from the connective to the suture 
(^. 231). The septum is more or less destroyed during the matura- 
tion of the pollen in'^ most cases, leaving the anther iwo-^elled, or 
(fig. 232). ^ In some cases the internal substance of tlie 
coimective is^ likewise absorbed, producing a true unilocular anther, 
as in AlckemiTUi add iii Malvaceae. In other cases ”ihe j^our cells are 


Kg. 230. Fig. 233. 



retained perfect^ as in the <yuadnfo(nitor anthers of J^tetomua, where 
they are, parallel, and of some Lauraceae, where they b^me oblique 
so tiiiatihe summits are all turned towards the fiaoe. The dimidiaU 
unSoopir anthers of Oomphrena and Sahda axe so called ftSmBSuS 
onlylllves of anthers in which one. Jobe is abortive or suppressed, 
jfoopious toe-odfed adthers occur in Polygala. The umloctdar 
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lateral anthers of the diadelphons stamens of FumariaceaD are 
dimidiate, 

207. When the anthers are mature, the ceUs or loculi open and 

discharge the pollen. This dehiscerice takes place in different ways ; 
it may be ^utural, or ^nermVir , 

S itural deliiscenc^s tte opening of the walls by splitting down 
Yortically at the sutures, and turning back like folding doors ; this 
is the more frequent case. A transverse slit iS formed fii the uni- 
locular anl^or oi Alcliemillaf in Lavdndxday and in Lemna^ 

Porom dehiscence is where definite ori&es ar^ formed at some 
point of the '^all of the loculus, as at or near the Summit in Sdlanum, 
Ericacem (figs. 220, 230), &o. 

dehiscence results from the partial separation of a por- 
tion or the wall of the loculus, in the form of a kind of lid, as in the 
Berberry, where the front of each cell splits ofS at t;he sides and base, 
and turns back as if hing;ed at the top. > In the Lauracese (fig. 233) 
we find either two or four little hds of tins kind, opening the two or 
fournjcUs of the anthers. 

208. The stamens of the Gymnospermia present remarkable con- 
ditions, which require separate notice. 

Among the Couiferm, the stamens of Pinm constitute the entire 
male fiowers, and are conjoined into male cones, each anther forming 
a scale of the cone ; they are bract-like plates, bearing on the lower 
face two parallel anther-lobes (bursting longitudinall/'dr irregularly), 
beyond which the connectiTe extends more or less ^ a scale-like 
process. In Cv^remis the form of the anther is excentricaUy 
peltafe (§ 89), the lobes, three or four in number, standing under the 
overhanging connective ; a^d it is similar in Junijperus. and Thnjfi, 
In Taoem peltate connective is more symmetrical, and radiately 
grtoved above, having from three to eight vertical anther-lobei^ be- 
neath : some authors regard this as a group of monadelphous stamens. 

In the Cycadaceae, where the anthers are scattered in large num- 
bers over the lower face of the scales of the m^e cones, they occur 
mostly in the form of groups of four simple anther-lobes, with longi- 
tudinal dehiscence and arranged in the form of a cross. These are 
mostly described as parcels of unilocular anthers. , f 

209. The stamens, taken collectively, present a humber of ch|i- 

racters, which have received technical names. The number of sta- 
mens in a fiower is indicated by the terms mon-^andraus, di^androusy 
&c. ; when more than twelve exist, the tmiT is em- 

ployed. When the number of the stamens rnequaTto^Tor some 
multiple of, the number of petals in the corolla, fto., the flower is 

when the number is different (as in SorophulariacesB 
&c.) the flower is anisostmmo'us, 

210. Two cased ~ of m^imlity of len^ of^the filaments are 
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distinctly named, viz. the dulynammis condition (figs. 234 & 23e5), 
when there arc two pairs of stamens, ope pak longer than the other, 
characteristic of many irregular Monopetal^s flowers (Lahiatac, 
ScrophulariaceaD, &c.), and tetradynamom (fig.^ljfU)), when there are 
four long stamens and two s%rl ones, cliaractcristip of the Cruciferae. 

211. The term hichtded is employed to denote that the stamens 

do not reach beyond the corolla ; enaserted ^ that they are protruded 
from it ; ^hile dedhmte means that tli^ exsertod stamens are all 
curved over to one side. - 

212. The Btan\ens are subject to apparent oonflucnce or cohesion, 
like thb other organs (§ 154). K the filaments ai*c only partially 


Fig. 234. 



Tig, 236. 



Fi(x> Corolla of Gleekoma, laid open to show the Sidynamons Btamens. 

Fig. 235. Corolla of Digiialiii, laid open tO eliow the didynaraous BtameiiB. 

Fig. 236. Tetracb’naTnouB BtanienH oi the 'Wallflower Biu^unding the piHtih the floral enve- 
lopes being removed. 


separated so that they form a tube surrounding the style (or a 
Fig. 238. 

Fig. 240. 

Fig. 239. 


Fijr. 237. 




■Fig. 237. MonadelphooB Bfamens of Malm, 

Tig. 238, DiadelphouB stamens of LeguminoBS. 



niadelpnouB stamens of Leguminose. 

Pig. 230. Ground-plan of a Papilionaceous flower with diadelphoos stemeiu (the little oiiples 
round the |olitary mipel). 

Pig. 240. Triadelphone or poljradelphoue itameni of Mgpariewin mgjfptiaewm, . 
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column in a staminato flower of a diclinous plant) (fig. 228), the 
staipens are monadelvhom (fig. 237), as in Malvaceae, CmmUia, &c. 
In Fumariac^cc tbey ^e [joherent into two equal parcels, while in 
many Legumiuosae, of ten stamens, nine arc united together and one 
free ; these states arc called diadelr>hom (figs. 238 & 23*.^). In 
HyvciicaceflD wo have iriadei^iom (fig. 240) and jientudelphous 
states; but these, as also the state in Aurantiacese and various 
Myrtacese, are generally denominated pohjadelphom (<6eo § 199, 
compound*stamciis). 

213. signifies that the filaments are free, but the 

anthers coherent (fig. 241), as in Compositoe^and Lobelia ccaj. 
G miandrous indicates confluence of, or want of separation between, 
sTimens and pistils, such as occurs in Orchidaceie, Asclopiadaccae, 
ArisfolochUtf etc. (fig. 242). These terms, together with those de- 
scriptive of adhmon, j^erlgi/notis, epigynou^y &c., have alrejidy 
been (?xplained (§ lo7), fls also the meaning of ^e words monceciouSy 
diif cions, &c. (§ 151). 

2d 4. Usually what is called the face of the stamen is turned 
inwards toward the ovary, and it is then said to be introrse ; but 
sometiuHis the reverse state exists, and the face is turned to'wards 
the floral envelopes, as in Banuncidus, Colchicumy &c., when the 
stamens are termed extrorm. 


Fig. 241. Fig. 242. Fig. 243. 



Fi(r. 241. SyneenesioiiB BtonicnB of CompoBite : a, the; antherB siirronndiiifr the style tA a 
Bneath; A, the anthers removed and spread out, Rhon^ing the filAinent|r 
Fig. 242. Section ofthe lower part of the perianth of seated on the inferior omiy. 

In the ouvity of the periantii U seen the style, with the adherent anthers Ipon 
its Hides. 

Fig. 243. Clavate pollen-mass of Orekin, prolonged below into a eaudicUt by whidi it attaches 
itselx to the rostellwn of the stigma. 

215. The Pollen^ discharged &om fhe anthers, consists in almost 
all cases of a fine powder composed of microscopic vesicles ; the form 
and appearance of the grains vary much, and will be spoken of 
hereafter. The pollen of the Asclepiadacem and Orchidaceao, how- 
has a great peculiarity, in remaiiling permanently coherent 
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into masses, often of a waxy character. In OrchidacesD the pollen- 
masses, or mllinia, are either single in each loculus of the anther 
(as they are in AsdepiadacesD), and then often furnished, as in OrcJtfs 
&c., with a stalk- like process, called the mudlcle (fig. 243), termi- 
nating in a gland-like base ( rethumihm) , by wtich they readily ad- 
here to the stigma or to forei^ boSes, such as insects ; or the 
pollinia are two or four in each loculus, and devoid of a caudiclc ; 
sometimes^ the poUinia arc numerous, and form merely a loose 
granular mass. • ^ 

The external characters of tlie pollen-grains, their structure, and sub- 
sequent'history will be treated of in the Third Port of this work, as they 
belong to the microscopic anatomy and the l*hysiology of IMants. Tim 
form of the pollen-grams is generally constant in the same plant ; but 
gnjat variations are often found within the limits of Natural Orders, mo 
that, excepting the Orchi^dacea) and Asclepiadaccas, and a few other gioups, 
they do not afford any very useful chameters in Systematic Botany. 


The IHstiL 

213. Tlie central essential organs of flowers, compoiSing the pistil, 
consist, like the outer parts, of modifled leaves ; these constituent 
leaves are called carpels. The peculiar character of a carpel is, that 
it produces ovules, the rudiments •of the seeds — usually upon the 
margins, but occasionally on other parts of the internal surface. In the 
Gymnospermia these ovules are developed upon the edges or surface 
of expanded carpels. In the A ngio- 
spermia, comprehending the great Fig. 244. Fig. 245. 
majority of Flowering plants, the A J 

carpels ore folded up, either singly IT W 

(fig. 244) or collectively, with the ii j 

margins turned in so as to place the 11 Ij 

ovules in the interior of a hollow It ^ ^ ll 

case. The case thus formed, en- /I Jll 
closing the is called the o?;ar7/ /1\ 

(figs. 2244 e 225, a, a) ; the upper H S Ijp^ 

pMt of the carpel is frequently M III M 

tdmated into a slender column called | m (I mW 

thq style (c), at? the extremity of 1. M 

which is a terminal glandular o^ce W# 

or stigma (h, ft), the borders of pig. 244. simple pistil of Prunm: a, the 

which are often more or less ^vaiy; ^hcafjfU; 


which are often more or less ^vaiy; ^hcafjfU; 
thickened or devebped into pro- 
oeBBOB of TaxioBB kinds. SomctiineB 

the gtylar prolongation does not fi^nitheplaoentaatthoTOnauentmargm 
exist ; and then the stiguna is sessile “ ' 

upon the ovary. 
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Tho pistils are undoubtedly formed of carpels (carpellaiy leaves) in 
most instances. Some writers do, indeed, consider them to be formed in 
certain families by an expansion of the receptacle or axis of tho flower ; 
but it is the {rcnoral opinion that the cai'pels in such cases are imbedded 
within the hollow receptacle. 

The foundations of the carpellary theory, and of the doctrine that the 
cn mels are metamorphosed leaves, rest upon a very wide basis. Thes fol- 
lowing observations include examples of some of the most important 
classes of proofs : — 1 . The carpel grdiuarily possesses more j)f the cha- 
racter of a true leaf, as regards texture and colour, than the stamens or 
petals— approaching to the sc*j)als, which we have seen to pass insensibly 
through the bracts (§140) into ordinary leaves. qVe resemblance is 
sometimes heightened during the development of the fruit, ns we see in the 
leijumes of some species of Cama, and still more in the bladder-like pod 
of ' "ohiim. 2. Abimclant examples exist of the substitution of petals for 
siaiiiens and pistils in abnormal flowers ; and an almost equally common 
monstrosity consists in the substitution of isolated stunted {p.’een leaves for 
tho carpels. Fu the Douhje Cheny', cultivated iilshiiibberies for the sake 
of its blossom, tbci stamens are generally replaced by petals, while the 
centre of the? flower is mostly occupied by a pair of green leaves. (The 
single, fertile fMn'rry frequently nas two pistils developed instead of 
one.) In a common monstrosity of the White Clover, the pod is usually 
replaced by a more or less perfect green leaf ; the same occurs in garden 
Hoses, •v^'llel*e tufts of green leaves rt^place the pistils; and, in fact, 
examples of this kind arc very abundant. 3. The more or less stuntea 
green leaves wliich it^present the carpels in the above-mentioned monsters 
frequently exhibit cm their margins structures varj'ing in character from 

almost perfect rudiments of ovules to cellular paplllm and lea^ lobules. 

-.1 ] m j uA ir _• ii- • 


these cases are analogous to the normal condition in Coniieras and Cyca- 
dem, tho Gyranospenns, where the ovules are always nnhed on open 
cavoels. 4. Tlie production of ovules on the margfins of caipels is ando- 
puus to what is seen in the devel^meiit of adrefiiitious htds on vegetative 
leaves, as in BryophyUum &c. Such buds, however, occur sometimes on 
tlie upper surface of leaves ; and we find some carpels, as in Nymphma^ 
livtotmiHy &c., with ovules developed more or less extensively over the in- 
ternal face. 5. The disposition or orraugeflient of the vascular bundles 
is that of the leaf, not that of the bi'anch. The structure and mode of 
growth gtinerally are those of the leaf and not of the branch.' / 

217. The region of the carjxjl whence the ovules arise is called Ipe 
placmtax and when in Angiospermous flowers tho placentas are clearly 
and distinctly marginal, they must of course be dmMe^ from the 
meeting of the two edges ; the same is true of tho $!t\gmatk surfaces. 
The line of union of the margins of carpels constitutes the ventral 
»j^re ; the line corresponding to the midrib of the carpollaryTeSw 
tho dorsal sviure. 

^ An excellent example of a simple typical pistil formed of a ringle carpel 
18 afibrded by the legume of the Legumintsse ; as, for jnstance, in me 
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Sweet-pea^ where we find the ovam with a ventral and dorsal suture, 
narrowed above into a short slender style, terminating in a> slightly 
enloi^d stigina. Wlien wo open the in the way it is broken in 

shelling peas for the table, we find tlie placentary luaigius separated at the 
ventral suture^ each carrying away hall' the ovules, demonstrating clearly 
the double character of the placenta. 

218. Pistils differ extremely in different plants, from dissimilarity 
in the number, degree and mode of union, and relative development 
of the difif^rent regions of the carpels, to which are added the pecu- 
liarities arising from adhesion of the outer circles. . 

219. The nuLTj)er of cariads is most fretjuently less than that of 
the organs in the outer whorls, being very frequently reduced to 
two, and often to one. On the other hand, multiplication of the 
number is met with in certain Ordcra, where the receptacle is gene- 
rally more or less enlarged to make room for them. 

A large portion of the Monopetaloiis Dicotyledons, with a quinnn^ ar- 
rangement of the calyx and corolla, and often of clie stamens, have dica'ipel- 
laiy' pistils, as Gentianaeefe, Apocjniaceai, Solanacefe, &c. Tiegiiminosm 
with quinaiy flowers have a solitary carpel. The agreement of the niiiiiber 
of carpels with the other organs is almost universal in the ternary flowers 
of Monocotyledons, as in Tiliacem, Tiidacene, Orchidttcem, &c. Multiplica- 
tion of carpels is especially frequent in the Hanunculaceas, Mngnoliaceas, 
and some other Orders. 

220. A most important set of conditions arises from the phenomena 
of cohesion in tho carpellary circle. In the tyjiical pistil above 
described, and which really exists in Legumiiioso) (for instance), the 
organ, being eomj^osed of ono carpel only, is shnple. A cai'i)el may 
be solitary in a flower, from suppression of the remainder of the 
circle ; or there may be in the same flower several distinct, i, e, un- 
combiued carpels, as in Larkspur, Aconite, MaynoJia, liamvnfidas, 
Frayaria, &c. ; in these cases the term multiple ptistih is occasionally 
used, or we may say caq)elB distinct, three, flve, or numerous, as tho 
caso may bo. The term apocarpous mstil includes both the solitary 
carpel and the multiple jnstils. In the case of multiple pistils, where 
the receptacle is fiat the carpels are in tvliorh ; but if the receptacle 
is elongated the carpels are arranged spirally, as in Maynolia, 

\ 221. Where, as very frequently happens, tho carpels cohere to- 
nther, as the sfapaens do in the conditioji called monadelphous, a 
smicarpous or cortiponnd pistil is formed ; and as tho carpels occupy 
tneapcxof tho r^ccirtacle, they do not form an open organ, like the 
tube of filaments Un Malva, for example, but a closed case, appearing 
externally like a solid body, mostly with ridges and grooves on the 
outside, indicating’ its compound nature. 

The union varies very much in degree ; even in multiple pistils 
we find tho carpels sometimes cohering strongly while young, and 
separating on^ as the seeds ripen ; and in true compound pistils the 
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union does not always extend to the summit of the ovarian region, 
as we observe in the SaxifragaceoB, where the apices of the ovaries 
(liver;?e. More frequently the ovarian rejpons are firmly coherent ; 
and tlicn the styles may be wholly free — Pink, (fig. 174), //>/- 

lurinm, <fec., — or united part of the way up — as in some Malvaccm, 
(fi*/ 247), — or entirely, but with the stigmas distinct (as in Gem- 
ninm, &c.) ; or the stigmas may also be confluent (Primulaceoe, Sola- 
nacetr, &c.). Sometimes, however, the styles or stigmas^exhibit the 
rcvci'se condition, and are split into two parts, as in the styles of 
Drosera, &C. 

222. The conditions aiising from adhesion hav(^)ceii referred to 
already, under the names of suj^enor or inferior calyx or ovary 
(v^ 158). They are always associated Avith cohesion when more than 
ojic carpel exists. The styles are free when the ovaiy^s inferior, 
either coherent, as in Iridaccm (fig. 2G0), or distinct, as in the Um- 
belliftTic (fig. 171) and liubiacem. In Saxifraga, and in some other 
cases, the ovary is half-inferior. 'When the stamens are consolidated 
with the pistil, the gymndroiis condition is produced. In Orchidacem 
the filiiments are inseparabht from tlic style, forming a column sur- 
mounting the ovary; in Asclepiadacece the anthers adhere to the 
summit of the free compoimd stjde ; in Aristolochiacea) the filaments 
adhere to th(» base of the comi>ound style (fig. 242). 

223. Compound pistils are sometimes smooth and even on the 
outside, showing no sign of their compound nature, as in Primula 
&c. ; in oilier cases they exhibit more or less deep furroAVS at the 
lines of junction, sometimes diA’iding them into lobes. But the in- 
tenial structure of the ovary generally indicates the number of car- 
pels entering into its composition \cry plainly. 


!”g.247. 


Fig. 248. 



Mnitilocular compouud ovaries. 

Pig. 2-17. OvuTv, styles, and stigmas of Maha, Pig. 240. Il-celled ovary of Xt/Ziim. 

iJig. 218. 2-ci:lled ovary of StTophulariaoew. Fig. 2r)0. ;i-pelled ovary of Conimelym, 

Fig. 2ol. 4-celled ovary of FucHfia. 

224. When the carpels are firmly and organically united by the 
surfaces of contact, we obtain the typo of a compound multihcular 
or many-eelled ovary (fig. 248). In these cases the sides of tho 
constituent carpels are folded inwards, so* as to mect*in the centre, 

g2 





124 


UORPHOLOGT, OR COMPARATITE AXATOMT. 


and thus form partitions between the chambers {celh or loculi). The 
placental margins of the infolded carpels are rctroflcxed, constituting 
central or axife placentas. The partitions are called dissemmmts. and 
arc nccessariiy double, being composed of the conjoined sidc-'vralls of 
contiguous carpels. In such ovaries the dorsal sutures are in the 
outer wall, while the ventral sutures meet in the centre (fig. 248). 

Examjdes of this kind of ovary arc furnished by Lilincese (fig. 240) 
and many itlier IMonocotyledoiious orders, by J‘]ricaceje, Solanaccje, Scro- 

S hulnriacem, &c. In some cases the ventral sutures and plac^uitas ai*e not 
irectly confluoi .t, but adlniro to a central prolongatiofi of tllt^ receptacle 
running up betwifcn them, as in Gerauiaceai (fig. 27(»), &c. 

False or spurious dissemnmits occur occasionally both in compound and 
simple ovanos, consisting of mombrau('S or plates developod from the pla- 
centa or from the dorsal suture, and subdividing the originally single ca- 
vitj’^ forme J by individual caipels. Thus in Limnn th(‘ 5-carpellarY ovary 
would have five cells, were it not that a spurious dissepimonl exttuuls in- 
wards from the dorsal suture to the placeiita if; cmch cell, and divides the 
ovary into ten cells. In Astratjahts (fig. 252) th(‘ simple ovary is divided 
by ttie inflexion of the dorsal suture, mid in Datura ^Stramomum false 
septum is fonned in each of the cells while the seeds are rijiening. The 
</•<?/?« wrsc false septa found in various Tjeguminous ovaries, such as Caihar^ 
tocarpm &c.,aro likewise placental developments. 

225. If the carpels are not inflexed, but cohere by tlieir contiguous 
margins, they form a hollow case Avith only a single caAity ; and as 
the lines of junction of the carpels are on the outer wall, the pla- 
centas must stand inside those lines ; in this w^ay is formcjd a wntVo- 
culnr compound ovary with parietal ylaccntas (figs. 2515-255). There 
are no dissepiments ; and tlie veiitral sutures, alternating on the outer 
Avails Avith the dorsal sutures, are, in such cases, like the placentas 
TOthin, formed of the confluent margins of two different carpels 
instead of those of the same carpel. 


Fig. 252. 



Fig. 253. Fig. 254. Fig. 255. 



Unilounlor compound ovaries. 



Fig. 252. a, legume of An1ragalu9\ h, cross Fig. 2AS. Ovary of 0-cntianaceie. 

section, shou ing n fiilMO dissepiment formed Fig. Ovary of Viola. 

by the inflexion of the suture. Fig. 255. Ovary of Cietwr. 


We find almost eveiy possible degree of transition between ike paridal 
and axUe placentas^ acpoi*ding as the placentiferous margins project 
more or less into the interior of the ovary. True parietal pimentos are 
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Ibund in VioIaceaB (fig. 254), Resedacerc, Gentianacete (fig. 253), Fuma- 
riacew, OiRtacose (fig. 255), Grossulacofe, &c. In Tapamr we have the 
margins turned-in so as ncai'ly to reach the centre (as imperfect dissepi- 
iiiouts) ; in somellvnericaceie (ILnramolens"^ the oritf inally axile nlacentas 
become narietal l)v separation du^g the ripening oTthe Imit. while in 
Ciu 'urKtaceaei Hie originally distin^v parietal ultiioutrh greatly inflexSf 
margins ultimately coliere so as to form ^ axile placenta . 

In Orucit'eroe we have an anomalous concGtion, where there are two 
douUe pnrietaf placentas, but from the central line of each pi6ji^cts a plate 
passing acrtiss the cavity and forming a kind of spurious septum, called 
a roplmn ; so that* (;ach cell contains only the two hnJ^ilaceutas fonned 
by its own margins. 

22(>. In some Orders, where the walls arc as in the unilocular 
c'imi)Ound ovnnes above described, the jdacentas are found as a free 
column or expanded mass in the centre of the common cavity. This 
forms the compound iimhcutac oven^y with free central plucenUu 
In Primulaceic, Santalalcac, and some other Omers, where this kincl 
of iilaceutiition occurs, the placentas are free from their very earliest 
stati*, and are seen to be direct iirolongations of the receptacle 
witliin the carpels. 

The app(*annK‘e of a free central placcmtais presented in CaryophylhiccJB 
and some olliei* jdiiiilsby the oblitemtion during development of tlie par- 
titions which, in a young state,pas.^betweenthe outer walls and the centre 
of the carpels. 

In the opiniou of Schleiden mid wme others, the mam in al theory of 
placomatiinns eiTono^ ItcTnl^entas aro^upposoct to pe m alF ca sS 
stmn-siriictin es . ramiiiecT or si mplo^ axillary to me carpels, or forming ille 
tcriiiiiial bud of the axis or apex of tJie rec(.‘ptac*le, witliin a cavity either 
formed by carjiels or by a hollowing-out of the end of the receptacle. 
Thus tlii^ solitary ovules in the simple pistils of ItanmunUm^ PrunttSy Fra- 
ffftria, &c. would he axillary buds t)f the carpels. The solitaiy ovule* of 
J'l:Mnbagiiiiic(%'w, Composita^, Tliymelaceie, &c. would be the terpiinaJ 
bud of the axis. Hie iVee central placenta of Primulacese, &c. would bo a 
tonninal shoot covered with buds or ovules ; and the cases of axilo placentas 
in multilocular ovaries (Ijiliacem, Scropliulariac^oie, &c.) would result from 
the margins of the carpids turning in and adhering to the central body. 
I’ariotal placentas are expLiinod by supposing the terminal shoot to branch 
out into ivi many processes as there are plaoimtas, these shoots beari^ 
buds (ovules) and adhering to the internal surface of the carpcllary wajw. 

These views are not much adopted ; for while the marginal theory /x- 
plains most cases very naturally, it may be made to explain free central 
placentation more satisfactorily than panetal placentation can be explained 
on the other hypothesis. 

227 . The placentas have been spoken of as double, on account of 
their origin ; where only one ovule exists in a cell, it is assumed that 
one at least is suppressed ; and this other is not unfrequently deve- 
loped in the Cherry, Almond, &c. (causing the double kernels). In 
Legumiiiosm the double placental base is^so narrow that the ovulos 
are placed one over another, and form what appears like a single 
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line. In Larkspur, Columbine, &c. there is a distinct double tow ; 
in many cases each placenta has a double row of ovules ; while axile 
placentas arc freciucntly thickened and enlarged, so as to bear a large 
collection of ovules, closely packed. In Papaver the ovules exist aU 
over the imperfect septa ; in Nmnvih^s aHWeiT the sides of the dis- 
sepiments, and not at the margins ; in Iluiomm. all over the inside 
of the carpels, &c. Where ovules arise from the base of a cari)el, 
either singly or in larger iiiimbcrsfthc placentation is called 
it is in most cavjcs a slight modification of free centrfil. 

228. The styt^ require no ])ai'iicular notice beyond the statements 
already made, except in regard to their irriigular position in some 
cases. The style is really ])roduced from the apex of the carpel ; but 
in various llosaccsc, the ovarian part of the structure is so developed 
that it leaves the style on one side (lateral) (Frayarla, fig. 25^), and 
sometimes even grows out and up so Well that the style, then calh'd 
Imsilar ^ seems to arise from the base (^Alchemllla), In the Tioragi- 
nacem and Labiatsc a similar condition of the styles exists in a com- 
pound instil; the styles in these plants are confliumt, and arise as a 
solitary colimin from a deep depression in the centre of the 4-lobed 
ovary, communicating with the cells near the base as in the llosaceae 
referred to. These styles of Labiatte &c. are called namhask 
(fig. 265). 



Fig. 26fi. Latrnil Rfcrle of Fmottria. 

Pig. 267. Pistil of u (frass, with frathoiy stigmas. 

Fig. 26S. Pistil of a Grass, with pcnicillate stigmas. 

Fig. 259. Stigmas of Oroeu/i. 

^29. The sti^a is cither situated at the end of the style or, 
where this structure is wanting, it is sessile on the ovary. Instances 
of sessile stigmas are furnished by the compound pistils of Papaver (fig. 
262), Nymphawicea), &c., where the stigmas form radiating ridges on 
the top of the flattened ovaries. The elongated stigmatic surfaces on 
the inner sides of the boak-like points of the simple pistils of Bamin- 
mlus and allied plants are almost to be caUed sessile stigmas ; and 
these form a transition to tlje long stigmatic ridges which extend down 
the inner sides of the styles of most Cary<^hy]lacGeB. When it is 
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properly terminal it exhibits a great variety of conditions, both as 
regards composition and structure. 

It has been stated that the styles of compound ovaries are often 
dhiinct ; ihe stigmas arc also often distinct on compound styles, in- 
dicating the number of constituent carpels. Moreover these distinct 
si: ■mas arc occasionally split down into two arms (stUfmata hicru- 
ria), corresponding to the two placentas below; the one-ceUed ovary of 
Grasses and Comi)ositic (fig. 204) Dears a two-armed stigirta ; and the 
stigmas of*thc cojnponnd ovaries of Etf^horhia and s^e Droserm are 
double the number of the carpels. Sometimes thi^istinct arms of 
different carpels (?ohere, and form stigmas equal in numbef to the 
placentas, but aliernatiug wdih them. 


I'iir. 20)0. 



Fig. 2fi0. VortiiH] seotlon oftho flower of Jri»; the style terminates in petaloid stigmatic lobes. 
Fig. asi. Female flower of Cummin mtivun, with n lobed stigma. 

Fig. 263. Ovary of Papatfer, with radiate sessile stigmas. 


230. Stigmas, simple or compound, when distinct, are either ter- 
minal, or lateral : in the latter case the stigmatic surface is on the 
ventral side. Their form is generally slender and thread-like, wi^'A 
a glandular stigmatic su^acc ; hut in the Grasses the* stigmas /ire 
feathc^ (fig. 257) or yenmllate (fig. 258) ; in the Iridacesc they are 
petaloid (fig. 259), verymuSTenlargcd, as in Iris (%. 260) ; and in 
other cases they are capitate (fig. 256), lohed (fig. 261), jpcZfate, radiate 
(fig. 2&2),Jiliform (fig. 26t3), linear (fig. 264), &c. In Leguminosm the 
stigmatic surface of the simple style is lateral (fig. 265). 

The orifice of stimas leading to the canal of the style is more or 
less filled by the glandular and capillaiy processes which clothe their 
surfaces ; and, indeed, to the naked eye, th^ canal of the style does not 
appear permeable. 
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231. The pistils of Gymuospermous plants consist of scales or 



Fig. 26.1. Plow<*r of T/itzuin, with filiform stigmns. 

Fig. 261. Li near atignias of Comiio»ii4* with napilloBe BUrfaccB. 
Fig. 2<Wi. Ovary of Colulfia, with Infernl stigma. 

Fig. 266. Open carpel otJPiimi*t with two naked ovules. 


open carpels^ collected into coaes^ hearing exposed ovules, so that no 

representative of the stylar or stigmatic regions exists 

here. Among the ConiforaB, Pinua and its allies have l^ig- 207. 


scale-like carpels with a pair of ovules on the upper sur- 
face, at the base (fig. 200) ; the structure is analogous, 
although the form of the scale diifors, in Thuja \ the 
Cypress has peltate scales, 'v^uth numerous ovules ; in 
Juniperiis each of the three scales has only one (fig. 207). 
In Ta-sens the ovule is a solitary structure, a kind of free 
ovule, growing out from the sepox of a small cono formed 
of barren scales. In the Cycadacem, Cyms has large 
leaf-like carpels, with numerous marginal ovules ; Zamia 
has peltate scales, more like with the ovules 

pendent from the thickened summit. 



Young female 
bloHBom of Jtf- 
niperuz, with 
the O'ont car] 11*1 
^uunved.show-* 
mg the naked 
OTUlcB. 


By some authors what is above described as a naked ovule is thought 
tQ be an ovary. 


Sect. 10. Products of thb Essential Organs of Eiowers. 

The Ovule, 

J32. Ovules arc the rudiments of seeds, and arise from the placen- 
tas, situated in the ovaries of Angiospermous plants (figs. 253-255), 
and on the margins or surface of the open carpels of Gymnospermia 
(figs. 266, 267). They originate as coUular papiUm at an early stage 
of development of the ovary^ and acquire a definite form and structure 
by the time the flower expands. 
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O viJos aro usiinllv regarded as a 3dnd of bud ; not only do they appe*ar 
in Tlie positions occiipiecl Ly adventitious Dims on vegetative leaves, as 
in IJnfopInjilum (§ lOD), but* abnormal lenf-likc cai-pels often b(*ar bull)- 
liko structures and foliaeeous lobes, in place of the ovules, on their free 
a borti ve-placental margins. 

J33. Th(^ number of ovules in an ovary, or in one cell of a com- 
pound ovary, varies between wide limits. Thus the ovule is solikirp 
ill the simple ovaries of RammciihiR^ Horn, Pnmvs (ffe.^45), &c., in 
the compound oruries of Polygonaceae &c., and in ,;?fich cell of the 
bilocular ovaries of the UmbellifciTC &c. ; the nuiriiber is stUl small 
and definite in the simple pistils of many lx>guminosie, in the cells of 
th- coini)ound ovary of Qn evens c>tc. ; in a veiy' large i)roportion of 
coiapound ovaries, wbctln.T unilocular or multiloeular, the ovules arc 
very numerous on each placental surface, and^they arc termed inde^ 
jinhe^ as in Pehnnla^ Pa paver, lyajiuilis, &c. ^:c. 

234. A fully diivelojieM ovuh^ is usually attached to the placenta 
by a sliort stalk, called the fnaieidas. podospenn^ or umbilical cord ; 
where this stalk docs uoi exist, the ovido is in a few 

the funiculus is viny much elongated (Kumbaginacea)), 

23.'), Siiecial terms are used to indicate the position occupied by 
ovules ill the ovary, and more particularly their direction. Tf the 
lilacenta is at the base of the ovaiy, and the ovule, sfiringing from 
that situation, points uyiward, as in Polygouacese and Compositse, it 
is called era‘t \ if it is attached at tho simimit, and hangs straight 
down, as liT the Birch, l)i])saceie, &c,, it is smpended ; when tho 
jdacciita. is centrjil or parietal, the ovido may turn upwards and he 
imemlhia ^ may point straight outwards or inwards, and Ix^ Jiorizoniah 
or may tnni do >vn wards, and he nendiiloas. In Plumbaginacea) the 
ovule is suspended from tho ena o? a Iwg funiculus which arises 
from the base of the ovary as in the erect condition. 

Whore numeiuiis ovules exist on a central placenta, it is veiy common 
to find the upper ones nsooiidiiig, the middle horizontal, and the lower 
pendulous, so that tlie dhection becomes indefinite. 

236. Tbo ovule arises from tho placenta as a conical papilla, whic^ 
soo*' becomes elongated into an oval body, the nucUtis, raised on tVe 
stalk or funiculus. By tlie time the flower opens, the michus 
(figs. 268-270, a) generally becomes covered up by the coats or enve- 
lojies, which originate as circular ridges from tho point wiiere the 
funiculus is attached, and gradually grow up over the nucleus. 
The coats do not completely close in the ovule, but leave an opening 
at its summit, called the micropyh^ or fommgna (figs. 268-270, h). 
The base of the nucleus, wWd the coats ariso, is called the cJmlam ; 
tho internal coat (the semndlne of Mirbel) is tho first formed; it is 
denominated the inteemmenUmi x where only 

one coat exists, i? is c^eci tlie inUgummimn The outer 
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coat, which grows up after the inner jirlmine of Mirbel), is 
c«allcd the inUmimentum eosternum. or sometimes the testa, Some- 


Fiff. 268, 


Fifr. 209, 


Fig. 2/0, 



Diagpmmmatlc vc'rtical sootions of oviilen: #7. tin* nufloua; A, the miiiropylo; r. Hialnzn ; 

d, ra|th(‘. 

Fifj. 2<’ An ntropons or orlhotrnpoiis ovulo. 

Fig. 2H9. An anatropouH ovuli*. Fig. 270. A cauipylnfropous ovule. 


times, as in We7wtt/te7na, the primine is prolonged beyond the apex 
of the ovule in the form of a tube greatly resembling a style. The 
orifice named the micropy7€ forma a canal passing through both coats 
down to the point of the nucleus ; and the portions passing through 
the outer and inner integuments are otten called, ri*spcctiv(^ly, the 
eumtome and endostome. The point where the seed afterwards 
breaks away from the funiculus is marked by a scar, which is called 
the Idlum, 

In the Mistletoe the niudeus is nakijd, no coats being formed ; in many 
cases there is only one coat ; most ovules of MonocotyledoiiM have two. 

The coats of the ovule are usually regarded as foliar in their ualuro, the 
nucleus as axial. 

*237. The above is a description of the ovule of what may be called 
the .normal form, such as we find in Polijymnm, Ace. : where the 
nu(;leus is straight and the mleropijle is at the end opposite the 
attachment of the fimicultis, and the cJialaza next the placenta^ 
such an ovule is called stralf/7it, or more tcchuically a t ro) to a s or 
ortTioti'opjra^ (fig. 2681. **** 

^ 238. very frequently the fnmeutm grows, in a state of confluence 
\irith the oujicr integument, during the development of the ovule, so as 
to' push up the base of the nucleus until it is completely inverted 
(fig. 269), and the mioropyle (Ji) points to the ];)l£iccnta, while the 
chalf^a (c) is at the opposite end ; this is the inverted or anatropom 
condition (Compositae, Papaveraccae, Liliaeoae, OrchidaccaeV &c. &c.) ; 
and as the funiculus is confluent with the outer coat, the hilum (the 
e^^rnal point of junction of the with the body of the ovule) 
is left in its original position, and therefore close beside the inverted 
micropyle : the adherent portion of the funiculus often forms a kind 
of ridge extending from the hilum to the chalaza; this is 'termed the 
raph^ (fig. 269^ d). 
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The inverted ovule is only a straight ovule with a long fimiculus eon- 
fliicnt with the outer coat: in Fmnam (Cistacerc) the r(*al condition 
often actually illustrates this; and in seeds fomed from anati-opons ovules 
the raphe sometimes separates (ZygophyUmn), The position of the raphe 
with reference to the ovule varies in difli^rent cases ; sometimes it is tw/- 
^iv»/ or on the side of the ovule nearest to the placenta, sometimes dorsal, 
at other times lateral. 

239. A curs'cd or cammiloirorxms ovule (fig. 270) U formed by 
the folding over of the nucleus upoiTitsolf in the form.jdTthc hitter U, 
carrying the ml^opyU (h) over, but leaving ihe cluij:tza in its natural 
vicinity to thci hilum. Extcniall}'^ this ovule resfinbles the^ anatro- 
pous, except that there is no raphe (Cnicifcrse, (;arj^ophyllacc£D, &c.). 

240. Another condit ion more rarely met witli is the horizontal or 
amphitroyoas ovule, intermediate between straight and inverted, the 
adherent funiculus pushing up tlie chalaza»at one end, while the 
micropylc descends in corresj>onding degree, until the axis of the 
ovule becomes horizontal, and jjarallel with instead of at right angles 
to 4h(' placenta. 

In the first instance all ovules are straight, but mostly become curved 
during the course of their clevclopmenl. 

241. At the time when the flower expands, there exists a more or 
loss considerable sac or cavity excavated in the substance of the 
nucleus, the upper end of which sac is situated just within the apex. 
This cavity is called the emhnfo-sae^ being really a sac or bag with 
a proper wall, within which tno emoryo or rudiment of the future 
plant is developed after fecundation. 

The pliciioiupiia of ftrundation and of the early development of the 
embryo, rogtither with the uiinutim of the anatomy of ovidcs, are reserved 
for the Physiological part of tliis work. • 

'I’he further morphological peculiarities of the ovular structures will 
fall best under the head of the w'rd or completed product, previously to 
examining which we must follow out the ultimate history of the pistils 
and associated organs forming iiiefnat, in which the ripe seeds are found. 


The FmH. 

242. The fertilization of the ovules usually talccs pl{V 5 e soon after 
the opening of the flowers, or sometimes even hclbrO their expansion. 
During the suhsequent changes by which the ovules are converted 
into seeds, the ovary (find occasionally other parts of the flower) 
undergoes further development, and becomes what is technically 
called thc/miY. 

Generally the stamens and coroUa, and not uncommonly the cal 3 '^x also, 
fall away or wither up after feitilization, and the styles, with the stigmas, 
mostly disappear ; but the style sometimes persists, and even undergoes 
enlargement, forming a kind of heak or the finit, especially in simple 

fruits formed of one carpel (Eanimndt^, ClenmtiSf Geum, fig* 286), &c. 
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243. The “ wall ” of the fruit is the substance formed from the 

carpels, or (when present) from the other component structures 
(§ 242). It constitMcs the case enclosing the ripe seed or seeds, 
and is called different strueturci 

in different fruiff^Wnen the fruit is mature, it may b(j drtf, mem- 
hramm, lenthenj {coriaceotifi)^ or woody \ or SHvmhnt; or succulent 
extfjrnally and woody within, or, vice versa, succulent internally and 
woody or ^alhery outside. 

The pods of common Ptjas, tlio capsules of Pinks, lV^;pios, &c., afford 
extamides of a dry membranous p(u*icarii ; tlio Pings JjpJve a leathery peri- 
carp; the common TTazel-nut, Aconi, capsules of tbe Mnhoganv-frce, &c. 
liH’ e a womly p(^ricaip. ^11e pericarps of the flrape and the frooseberi’y 
ai- The Plum, ('li(!iTy,&c. are succulent externally and woody 

within ; tho Orange, the Poniegranatti, the Pumpkin, 8^, are succulent 
within and letalhery or homy outside. 

244. When thcji>6r/mrp is uniformly membranous or woody, with- 
out distinction of layers, no subdivisiorial terms arc applied to it. 
Th(f same holds good in r(?spect to tho sim^de svjcmlent penenrp of 
such fruits us the* Grape and Gooseberry'. AVlieii there is a distinction 
into lay ers, form(?d by a gradual alteration of the texture of the inner 
and outer parts during miituration, we distinguish between an £m- 
curp and an endocar)}, jis, for example, in the l*lum, Cherry, Walnlit, 
&c., where there is a succulent epicarp, and a woody endocarp forming 
the stom* ; ” tho core of the A])plc is a membranoiw endocarp. 
When a fruit, such as the Orange, Pomegranate, litchi, d:c., is firm 
externally, with a leathery' or woody epicarp, and a succulent emio- 

the latter is gen craUy derived from development froju.thc pla- 
coiita^ ye gjo ns. In common “ stone-fruits” tho two rejgions are often 
distinguished hy tho names sarcocam (or pulp) and putamen, Tn 
tho Date (fig. 280) the “ stone” consists of the albuminous seed, 
which is invested by a succulent pericarp. In other Palms, such as 
Areca, tho pericarp is fibrous. In hard-rinded succulent fruits wo 
have an internal sareoenrp enclosed by a corteos or rind. 

IMany authors, following DoCandoUe, divide the pericarp into mcai^ 
meHocarnt, und endacaw. It may be obsen^ed hero that the disfinclioii 
bet’ .'een cndoca!]^ and euicni’p, in tho common stone-fruits, arises entirely 
(luring the ripening of tli(j fruit ; tlie two regions are ofiginAlly alike and 
undistinguishable ; it is well known that the easy separation of the pulp 
from the stone is a sign of ripeness. 

245. Some fruits, more particularly the succulent kinds, hut also 
many dry fruits, do not burst to discharge their seed or seeds when 
ripe ; these are called mclehiscent fndu, Tho pericarp rots away, or 
is broken irregularly or pei’ibratea when tho seed germinates. Most 
dry fruits, more particularly those formed of more than one carpel, 
burst open or separate into pieces in a regular manner when mature, 
and are consequently dehiscenU 
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240. JDeJimence takes place generally by the separation or splitting 
of the sutures of the carpels in a vertical direction, or by the disunion 
of coherent car])cls, or by both togotlier. The parts which separate 
in this wa}'' are called values ; and this mode bursting is termed 
siiluml or vah'uJnr dehiscence. Sometimes the vaW^s only separate 
for a certain (Jistance from the summit, forming little segments or 
teeth (fig. 273). In a few cases the dehiscence is ttorous, or by 

!<% 27^ .. Fi^'. 274. Fiar. 275.' 





FIK- 21X Biirat fiipsiili* of CfruHthtm. 

27‘1. Cnpsult* of AnaefttUiit. ojtoniiig by rircumBriKsib* dfhiHpenef. 
Fig. 270. Bur«t fruit of Ifiiriu/u (Star Aiilae). 


pores or orifices formed in the walls; in otln^rs the npixr end f,' 
th(‘ fruit falls off like a lid, by transverse or drear selssilc ddiise ice 
(fig. 274). ^ 

247. When the dehiscence is vahndar th(* fruit is njimed hi-, tri-, 
multivalvidar according to the number of valviis or pit^ces into which 
it splits. This mode of dehiscence is subject to several modifications, 
according as tin? splitting takes pljicc through the dorsal or through 
the ventral sutun?, or through both at the same time. It is still 
further complicated hy the circumstance that the plaeent<as sometimes 
remain attached to the valves, while at other times they break away 
from the valves, as in the condition called septiframl* 

A few examples may be here given of the various modes in which 
valvular dcdiiscence is elTectfjd ; and the student will find the subject far 
more readily intelligible if he refer to some collection of soed-vcssels whert» 
<lie fruits ur(! correctly nnint'd. In the case of simple or of apocaipoim 
fruits, valvular dehiscence takes place : — a, through the ventral suture, as 
in the Columbine (Aqnikfjia), the Star Anise (llUcinm, fig. 275); or, )3, 
through the dorsal suture, as in Matfimlia ; or, y, through both sutures at 
the same time, as in the pod of the pea and other Leguminous plants (fig. 
282). In this latter case there are two valves, but only a single carpel. 

In one-ctilled synmrpom fruits, where the component carpels cohere by 
their edges which are not infolded, dehiscence takes place : — a, through thie 
ventral sutures, when the placentas are found on the margins of the valves, 
as in Gentians, each valve in this case repTOsenting a caipel ; jS, through 
the dorsal sutures, when the placentas will be found in the middle of the 
valves, in the Violet ( Vioia). In such fruits each valve consists of two 
half-coipdS'Combined together. In the Orchidacem the Capsules dehisce 
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in the maimer last described, with this further pecnliarity—tliat the yalves, 
beariiijr tlie placentas in the middle, separate from the midribs or ihn'sal 
sutures, h*aviiig these latter attached tojre'thei* at the top, and thus forniinjr 
an op(‘ii framework supporting the remains of the peiianlh. 

In vKuty-velled sj/twarjiom fruits, where the sides and margin.', of the 
<•<'' poueiit carp»*ls are infolded, dcJiisfencf* tuktui place: — a, I wuhculolhi^ 
through the dorsal suture, so as to open the loculus or cavity oTtlie^caii»el 
from behind ; each valve in this cose reprt'seiits two half cariieb (fig.s. 2/7, 
27i^) ; or, (f, sppticidallj/, tiirough the se]da, so as to isolati^ius previously 

Fig. 270. j. 277. Fig. 278, 





1. EijM' fruit- of Cteraniuni, tin* tailod oorni 8<*paru(infr t>1nstiotiily’ from tla* uarimphort*. 
Fi;;. ‘J77. nn»- huIi* of with luiHiliridal ch'liisccjuv imd Hepticidal 8i>imratioii of thf 
piM.-«>iit;i‘' :it. t.hf ^uturfH 
Fi^:. 27 ^. ‘I’Im* a crusu .s<*ctioii. 

coinlriiied carptds (lig. 27(0. Faeh valve in this case repre.senta an entire. 
car]U‘l. 'll some instances, as in VwMJiferce, lledstraw, Gafufnty&Q., the. 
carpels merely separate in this manner, cue from the other, without opening. 
Ill '>iich a case the term is emnloy(»d to designate the wliolc 

fruit, while its constitueiit carjiels tirc* csdleii vocyi, or so metimes mcrh'arps. 
More frequently the carptds not mily .separate sepfieldally froni* tliefr 
Itdlows, but each one bursts, either through the dorsal suture, as in frVr//- 
niinn (tig. 270), .E'w/7//nr6m, or through tlie ventral suture, as in Votchiann, 

Thus septicidal a nd lociilicidal dehiscence may occur in the same fruit, 
as m thtir!r''.xglove (2fi//SirJ75),lTiie capsule of wliicli firsFdmSes nSo its con- 
stit I i(*nt carpels sentici dally, and afterwards each caiqad splits lociilicidallV 
into two valves; tiie four valves so produced renresent each# a half-carpel. 

Both the loculicidal aud He])tici(Ial modes ot dehiscence are sometimes 
associated with what is termed at^ptifrayal dehiscence. This occurs when 
the septa or pai’titions hen-iing the placentas are broken across ; the effect 
of this is that the valves break away fi*om tin* placentas, leaving part or 
the whole of the latter standing in the centre of the fruit on a kind of 
column, as in Andnmieda^ Canvtdndiis, Hhododendron^ &c. Septifragal 
dehiscence takes place by itself in the siUqnvs or pods of Cruciferjc, where 
the valves separate from the parietal placentas, leaving them in the centre 
supporting the ovules (figs. 292 & 298). 

248. from that by valves in the smaller 



13G 


MOEPnOLOGT, OR COMPARATIVE ANATOMY. 


degree of separation. The fruits or seed-vessels of Caryophylla-ceae 
dehisce by teeth. Sometimes the teeth are equal in number to the 
carpels, as when the dc'hisecmcc is through the ventral sutures only 
{LyvJinh) ; sometimes double the numbtT of the carpels, when the 
splitting takes place through both sutures {DiantliuH). 

249. Porous dehiscence arises from the formation of orifices in 

the walls of a drj^ capsiife, allowing the seeds to escape, lii the 
Poppy a circle of pores is formed round th(^ upper edge of 

the fruit, just Deneath tlic stigma ; in Antirrhinmn fend Linaria there 
are two or threes 'rifices near the summit of the capsule; in some 
Campanulas a pore is formed at the base of each cell. 

In all these cases the orifices are formed from thin spots in the walls, 
which tear open, their ('dges curling back in more or less regular tot*th : 
the dehiscence of Atifirrlimnn is (;onnectc*d by that oi Scro2)1udaritt, DiijU 
talkj &c., with the dcliisceiice into a crown of teeth as in Primula and 
Caryophyllaccro. ‘ 

250. T ramverse^ or cirmmscissile ilehiscence^ observed in the mpm- 
branous*cai)Sules of Uyoscyaimti^ 21)1 ), AnayaUh (fig. 27*1), 
Phutayo, etc., and in the woody fruits of Lecythis, arises from a 
trausversc fissure running round the wall and sjjlitting oft* the upper 
part- of tlio fruit like a lid. 

A dehiscence analogous to this occurs in the lomenta of various 
LcguminosflD, wliich break across betw'ceii the seeds. 

In these cases a kind of articulation is produced, by the tissue of the 
pericarp remaining more delicate in the lino of dehiscence, so that it 
becomes torn by the In^gromolric contraction or expansion of the firmer 
parts above and below, after the fruit has become mature. 

251. The apex of dry fruits is marked by the position of the style 
itself when persistent (fig. 285 h), or by a scar indicating the place of 
separation, ^e axis of a compound faiit is commonly an imaginary 
line ; but in UmbeUiferm (fig. 301) and Geraniacem (fig. 276) the 
canm)7wre forms a true axis, from which the caipels separate in 
^eMscence^ 

^ 252. Dehiscence docs not usually take place until the seeds are 
ripe ; but in Mignonette the upper end of the ovary opens long before ; 
in Leontice \7ialirtroides the ovary bursts very early, and the seed 
ripens in a naked condition. In Impatiens and some other plants 
dehiscence takes place suddenly with considerable force, the valves 
separating and rapidly curling up. In El<iterium the peduncle 
separates in a similar sudden way from the ripe fruit, and the seeds 
are forcibly ejected. 

253. In Qymnosperms there is of course no proper dehiscence ; but 
in most cases the carpcllary scales of tlie foinalo cones, which are 
separate to some extent ^during fertilization, frequently close up 
together so as to form an apparently solid body whiliftbe seeds are 



THE FRUIT. 


137 


ripening, as in Pmws, Cupvesm^y TJwja, &c. The scales open again 
when the seeds arc ripe, and in some cases separate from the axis. 
In Jmiipems the scales become succulent, so as to form a berry- 
like organ. In Tamis the solitary ovule is always naked ; and during 
the ripening of the seed a succulent cup-like envelope grows up 
roiuid it. 

254. The forms of perfect fruit are distinguished by technical 
jiames, and in defining them it is desirable to classify tj^em in some 
way. The classilieation which oouveys the groutest A'mount of in- 
formation is that founded primarily on the constrj^ction of fruits. 

The iimltitiulo of names which have Ixien invented, the vague manner 
in V hicli many of these have been used, added to the not unfrequent 
pul yiiioiphism of fruits within the limits of single Natural Orders, render 
a satisfactory classification of fruits almost impossible without naming 
them (ill afi*<‘sh, and dc^finiiig them according to •their mode of develop- 
ment as well as their perfect condition j and this, after all, would neccs- 
sitfite a terminology too cumbrous for use in Descriptive Ilotoy, for which 
the ijames tuid definitions are chiefly required, 

255. Fniits may bo divided first into free or monothahmic fmits. 
formed from single flowers, and coniluentjntlt^ formed of the blended 
flowers of an inflorescence, lire ierm ^oVmialam le baa been con- 
veniently ap[)lied to fruits of this latter End, 

Fnefnvits may be divided into : — 1. Apocarpous fruits, where the 
constituent carpels are separate, forming (a) simple fruits when the 
carjiti is solitary, (/>) mttliiph fruits when more than one is found on 
the same receptacle; 2. Sipmrpous fruits, formed of compoimd 
ovaries, and consisting of (a) superior f niits when the calyx is free, 
and (b) inf enor fruits when the tube of the receptacle or of the calyx 
is adherent. 

Confluent fruits require no corresponding subdivision. 

Almost all of the alnwe gi’oups arc again divisible into dry and succu- 
lent kinds ; this diversity is so special, occurring between nearly allied 
gaiera in the same Natural Orders, that it stjems unodvisable to make it 
a basis for any of the main sections. Modes of dehiscence and absence of 
dehiscence rliaraeterize subordinate kinds of dry fruits. 

2c 3. The Mowing classification is a slightly modifipd form - of 
that established by Dr.. Lindlcy. In it all or nearly all the forms 
described by various authors are enumerated, but comparatively few 
are in general use. Some of these will bo found more fully described 
m subsequent paragraphs;-— 
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Classification of Fruits. 

A. Free or Momfhalamic Fruits. 

I. Apocarpous, composed of distinct simide carpels. 

Simple monocarpous fruits (formed from solitary carpels). 


t Pericarp formed from the ovary alone. 
i pCTi.'*arp uniform, 
li One-.pr few-seeded. 

Pericarp homy and indehiscent . AvJian)him, 
Pericarp membranous, sometimes 

dehiscent Utricuhis. 

nil Many-so<5dcd. 

Dehiscent by the ventral suture . FoUlciilm. 
Dehiscent by both sutures . . . Let/umen. 

Indehiscent or articulated trans- 
versely Lomentum. 

Pericarp of two or more layers. 

Epicarp fleshy, cndocari) bony . Driqja. 


tt Pericarp formed from the ovary and ad- 
herent floral envelopes. 

Dry, indehiscent Diclesium. 

Fleshy ISplialerocarjpi mn 

** Multiple or iiolycarpous fruits, formed of 
an jissemblage of distinct carjicls. 
t Free. 

Pericarps distinct, dry {aclwenia) or 

ileshy (ilnipes) Etmrio. 

Pericarps ultimately more or less cohe- 
rent Bpnearpmm. 

tt Enclosed in a pup-like fleshy receptacle. Cynarrliodum. 

II. StncaiipouS;. composed of combined carpels. 

Superior. 

t Periejirp dry. ■ 
t Ijji^ehisccnt. 

; One-ceJlcd, one-seeded, pericarp 

adhci'ent to the seed .... Oaryopsis. 

One- or many-cclled, winged, peri- 
carp jtoj: adherent to the seed 
or seeds 


Samara. 
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Xt Dehiscent. 

® Sej)uxating into indcbisccnt cocci . 
®e Separating into dehiscent cocci . 
©0® Separating into two pseudo-fol- 
licles 

®®®® Dehiscence transverse . . . 

® ® ® ® ® Dehiscence vtdvular or porous. 
© Placentas parietal in a two-celled 
ovary. 

Linear 

Short and broad ..... 
©0 Placicntas axilc in two- oi^ 
many-ccUed ovaries, free 
central or parietal in 1 -celled 

ovaries * . 

tt Pericarp fleshy, indehiscent. 

i Pericarp uniform 

XX Pericaq) of two or more layers. 

Epicarj) coriaceous or woody, endo- 

ear]) fleshy 

Ejncari) fleshy, forming a spong}^ 
rind ; endoearp pulpy. . . , 

Infeiior. 
t Pericarp dry. 

X Onc-cell(5d by supi)res8ion, indehiscent, 
within a cupulatc involuci-c . . . 

XX Genuinely onc-ccllcd and onc-sceded, 

often with a papjms 

tiJ: Tw’^o- or man}’ -celled. 

Separating into indehiscent cocci . 
Dehiscing by valves or pores . . 

tt Pericarp fleshy, at least within. 

X Pericarp simple, seeds more or less free 

in the i)ulp 

Xt Pericarp of two or more layc^rs. 

® Epicarp fleshy, endoearp parchment- 
like or bony, indehiscent . . 

e® Epicarp fleshy or fibrous, endoearp 

bony, dehiscent 

©e® Epicarp homy or crustaceous, 
endoearp fleshy. 

One-celled, seeds on pulpy parietal 

placentas. 

Many-celled, seeds with a j)ulpy 
coat . , 


Carceruhts. 

Reyma, 

Concej^taculxm . 
Pyxis, 


Siliyya, 

^ Sllicida. 

Capsula. 

Numlanium, 

Amjyhisarca, 

Hesj>eridium, 

Glaxis, . 

Cyjjsda. 

CreinocarpiwU. 

Diiiloieyia, 

Bacca, 

Pomum, 

Tryma. 

Pepo. 

Balamta. 
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B. Pohjihdlamic or Oonjlueni Fruits. 

I. Anoiospermous, formed of closed ovaries. 

Pericarps of the constituent flowers hard, im- 
bedded in the fleshy axis of the inflorescence. Syeonus. 

Pericari>s of the constituent flowers succulent 
and confluent with each other and some- 
times w^h the axis of inflorescence . . . Sorosis. 

II. Gymnospermoits, formed of open carpels. ' 

Constituent cnr|;el8 scalo-likc, imbricated in a 

conical group Sirohthis. 

Constituent carpels peltate and forming a 

globular head Galhuhis. 

The above classificatfon is far from satisfactory: for students’ pur- 
poses it is too complicated ; and, moreover, in practice the majority of de- 
scriptive botanists, linding it next to impossible accurately to classify all 
the varieties of fruit they meet with, content themselves with the em- 
ployment of a few well -understood terms applied more generally than is 
the case in the foregoing scheme. In the following pm*agi‘nphs those 
terms which are in moat frequent use are printed in larger type, those not 
in general use are in smaller t\q)o. The student with a ripe fruit before 
him is mainly concerned with the fniit in its existing condition; an 
arrangeiiKjnt founded on the peculiariti(*s of the transitional stages be- 
tween the immature pistil and the ripe fruit is necjessarily embarrassing to 
him, since, as a rule, he has onlv liiintiHl means of ascertaining for himself 
tile course of development. I’his, howeviu’, may to a great extent be 
imderstoud from a mere comparison of the pistil with the ripe fruit. 

• Simple Fruits. 

' 257. The Achcenium is a small, dr\% indeliiscont, one-sceded peri- 
carp, tipped with th(i remains of the stjie, and with the seed free in 
the intciibr, except at the point of attachment. 

This fruit is rarely foimd solihiry, as in Alvhemilla ; it usually forms 

Fig. 280. 

Fig. 281. 


Fig. 270. Achfeniuin of 'Rammc\d%tii cat Tcrtically to show the seed. 

Fig. 280. Section of the drupe of the Date {Fkitniic daefylifera): e, the -pericarp; 9, the 
embryo imbi^dded in*the homy albumen. 

Fig. 281. Circle o£ follicles of Sentpercimm. • 
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pfirt of a multiple as in Itan%mculu8f Clefinatk, Geum (fig:. 285), 
&c. AcliSDnia are popularly mistaken for seeds, from which they may 
be known by the stylar beak, and by the seed lying looscinside. . 

The terni acbtenium is often applied to the halves of Ihnbelliferous 
fruits, the cocci of Mallows, the ftu^es or nuts of Labiatu), &c. (the car- 
cerule of some authors) (fig. 2iK)), and to the "cypsehe ” of Compositie. 

?''vS. The Utriculus , — ^This differs from the acha3nium chiefly in the 
nicmbraiious chai-acter of the pericarp, and in dehiscing sometimes by a 
transverse slit ; it is found in Cliempodium, Amamnthus^ fe, 

259. The*: IHckmim only differs from the utriculiiK in hiiving the indu- 
rated perianth adliereut to the carpel, and forming part of the shell (Jlff- 
rahilkf tSalsola), ^ 

2(50. The Sphalerocarpium resembles the preceding in structure ; but the 
complex pericaip is flcshv, forming a berry-liko body { Hipp(ypJim, lilt- 
tmn ». For practical purposes this is best classed as a berry. 

201 . The Dntpe is a one- colled fleshy fruitj represented by stone- 
fruits formed from a single pistil, such as tlio Chtsrry, where the 
stone is formed hy the inner part of the pericarp, and the pulp by the 
outer part. 

In comiiion stone-fruits the dnipe is solitary ; but minute dnipes formed 
on the saiiKJ plan ore asscmhhjd together on the receptacle in the etserio of 
the Itiisplx.Try and lllackbeiTy (fig. 28(5), Tins term dmpo is often im- 
proj)erly applied to the compound stone-fruits, like the Cocoa-nut &c., — 
or to the 1 )ate, where the stone is formed by the seed alone, and the 
pulp by tht) pericarp (fig. 280). 

202. The is a simidc pod, siditting down the ven"-” ’ “~turc, 

and healing the numerous ovules on its margins. 

This rarely occurs solitai 7 ,])ut mostly combined with others in a circle, 
as in A Ptt^onia, Sempirrivnm (fig. 281), &c. ; and they are then often 

coherent at the base, so as to fonn a transition to the syncarpium, .The 
pa?.‘ ^;f follicles (vonceptacula) of Asciipiadacea^ have their placentas de- 
tached when they dehisce, so as to set the seeds free. 

263. The Leyume is a one- or many-sceded simple fruit, usually 
splitting into two valves, with the placentas on the margins of the 
ventral suture. 

In most cases tho legume is elongated and pod-like (fig. 282), as in the 
Pea &c. ; but sometimes it is curved or even spirally cSiled like a snail’s 
shell, as in Medicago (fig. 283), or lobed and knotted, as in Acacia (fig. 284). 
In Astragalm a spurious sutural septum is formed by projection inward 
of one of the sutures (fig. 252). 

264. The Lommtum is a modification of the legume, either wholly 

indchiscent, or constricted into joints between the seeds and some- 
times falling to pieces in these situations, as in QrnWiopjis, Desmo- 
dium, &c. In the lomcntum of Cassia (e. g. Cassia fistula) there are 
many false cross septa. ^ 
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Multiple Fruits. 

265. The Mteno Is formed either of jin assemblage of acJmnia on 
a dry receptacle {Ranunculus^ Geuni^^fi^. 285), or on an enlarged 


Fig. 282. 




Fi{r. 2S2. Lcgnm« of P<*a, burst. 

Fig. (u Curlud legumt* oi Medieago «aiwai A otMvdieago orbicularitt. 
Fig. 234. Legnmo of uu AtuicUi. 


po^py rccoptaclo, Stravrltorry {Frayarki), or of a colloction of small 
(Impes on a dry or spongy receptacle. Blackberry {Itidtus, fig. 28G). 



Fig. 285. Dry ctesrio of Qeiinij oat vertioalij (a) to show the attachment of tiie coiuponent 
(udiieniR (h). 

Fig. 286. Fuljty io of Blackberry {llubus) cut vertically, showing the spongy receptacle 
covered with little drupes. 

Tlie circle of follicles in Afmikgia, Delphinium^ &c. nearly appro^hes 
this, as do also the fruits of Winterere (^Illicium, fig. 275). 

266. The Syncar}num is fonned by the confiuence into a solid mass of 
the carpels of a multiple ovary with a dender receptacle {Anana, Mag^ 
wRa). 

267. ^e consists of a succulent outer envelope, formed 

of a cu|^like receptacle (ocqording to some, of the tube of the ccuyx), with 
numerous aclnenia lining the walls (BasUf Calyoanthus). 
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Compound Pruiis — Superior. 

26S. The Carpopsts is the one-seeded fruit of the Grasses, com- 
posed of two, or rarely three elarpels, which form a dry poricarj) iu- 
separable from the seed. In practice it is hardly recognizable from 
the achene, except in the last-mentioned characteristic. 

The Samara is a two- or more-celled, few-seeded, dry, in- 
dehiscent fruit, which has a membranous AAung or wings developed 


h'lir, 288. 



from the pericarp — as in Acer (fig. 287), (Imuk (fig. 288), and the 
little fruits of the catkin of the Ihrch (fig. 280). Practically this 
may be? regarded as one or more achenes with winged pericarps. 


270. Tile Carcenilus is a dry fridt 
formed from a luaiiy-colhid ovary, 
the caipels of which »t?parate when 
ripe into iiuleliiset^nt few-seedod 
cocn. Tlu^ levm svhlzwaip is some- 
times applied to such a fruit. 

This fruit occurs in various mo- 
difications, in Malra, Tropeeolmnj 
BorMtiiuacefO (fig. 290), Labifltje,&c.; 
the cocci are sometimes called w<e- 
ei/7es, and are often r«*garded as 
achenes. 


Fig. 289. Fig. 2tK). 


rig. 289. Samaroiil fniit of the Birch {Beinlu 
alba). • 

l^g. 200. FiTRistent enlyx of a Boniginacfous 
plant, oprueil to Hh<iw the carvMjui- 
luH formed of four iudeliiseeiit car- 
pels, separating from eucli other. 




271. The Hepma differs from the foregoing chiefly in the cocci being 
individually dehiscent, as in Enphorhiay Geranium^ &'c. 

In Gtraat'tm the cocci remain attach(‘d for a time by the persistent 
beak-like segments of the styhj to the summit of a caipopliord, the beaks 
often coiling spirally (fig. 27*0). 

272. The ConcepUwuhim is forin^ by a two-celled, many-seoded ovary, 
separating into two diy follicular valves, in which the seeds lie loose. It 
may bo described as a pair of follicles. Examples may he met with in 
Asclepiads. 

273. The Pyxh is a one- or morc-cellcd, many-sceded fruit, the 
upper part of which falls ofiT like a lid by circumscissile dehiscence, 
as in Anagallu (fig. 274), Hyoscyamus (fig. 291), Lecythis, ifcc. It 
differs from the capsule merely in its trans^rse dehiscence. 
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274. The SUiqm , — ^This is a two-valved linear pod, the valves of 
which separate soptifragally from a kind of frame, with a more or 
less perfect false septum {rejilum) stretched across it, the {parietal) 
placentas being attaclied to the frame,* as in Sinapis (fig. 2S2), Cliei- 
ranthvAy MattMola, &c. 


Pig. 291. 


Pig. 2a3. 




Fijr. 294. 


I 



Fig. 292. 



Fir. 291. Pyxis ct Jlifotievamm, enclosed in the dry calyx. 

Fijr. 292. n'lirst mliqua of Sinupv, thu valves separatinR from the entarcs sapporting the 
replum. 

Fig. 29S, Burst silicle of Thhupi, 

Fig, 294. Indehiscent frait of uatUi a, entire; h, a cross section. 

* 275. The Silimla (diminutive of the last) is merely a short and 
broad siliqua, often most expanded in the direction at. right angles to 
the replvm^ the valvCs soiqetimes winged — Thlaspi (fig. 293), Cap^ 
sella, &G. 

When the replum is imperfect, it is said to be fenestrate if slit ; or it < 
may be destroyed altogether. Some siliquas and siliculas do not burst 
by valves — Cramhe, liaphanm, Isabis (fig. 294), &c. 

276. The Capsida includes all thefremaining kinds of dry fruits, 
membranous orVoody, formed of one-celled or many-celled compound 
ovaries, which dehisce more or less completely by regular valves, 
equal in number to or double th ^carpels (/rw, Colchimm, Caryo- 
phyllacca;, Digitalis, Primida, <kc.), or by pores {Antirrhinum, Pa~ 
paver). Its mode of dehiscence may be scptiddal, locidicidal, or sep- 
tifragal. (See § 247.) 

277. The Nuculanium, or Uva, is a superior pulpy fruit, the flesh of 
'Hiilch contains several seeds, and is enclosed — ^merely by a membrane as 
in the Grape, where the seeds are loose in the pulp, and Sokmum (fig. 296), 
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Atropa, &c., where the axile placentas persist, and 
less distinct cells within the pulp. This is usually 
regarded as a beny ” {heusca), 

278. Tlic AmpJmarca is a compound many- 
celled superior trait, with a woody or indurated 
shell enclosing an internal pulp (Adamoniay Cre^ 
sceniia), 

27;). The Ilesperidium is a niany-celled superior 
iudeJiiscent fruit, with a spongy or leatheiy rind, 
and an internal pulp formed from the tissue lining 
the loculi, as in Orange. This is generally 
described as }i form of berry. 


there are two more or 


Pig. 295. 



NiioiiKk.niuin, Uva, or 
Biiperior berry ofSola- 
piiumt tiut acrosa. 


Compound Fruits — Inferior. 

*2S0. The Trynia resembles a drupe, but is inferior ; it has a fleshy or 
fibrous epicarp and a bony endcXsai^, and is spifriously one-celled and 
on(3-seeded by abortion of the remaining cells and ovules. The epicarp 
is ilesliy in the Walnut, iuid the bony endocarp splits into two valves. 

281. ^he Gians is a hard, dry, indehiscent fruit, spuriously one- 
cellcd from suppression, usually one-sceded, seated in a persistent 
involucre forming a cupide. In the Acorn and Hazel-nut there is 
a single gland in each cupule or cup, while in the Beech and Chest- 
nut there are several. 

The ovary of the Oak is 3-C(jllcd, with two ovules in each cell j but 
two cells with their ovules, together witli one ovule of the fertile cell, 
are .suppressed, and the wall ol the ovarj" is converted into a bony shell, 
completely hik'd by the remaining seed. Tho ovary of the Bircli is also 
3-celled, that of the Hazel 2-c(jlled, that of the Chestnut 3-8-celled ; and 
similar suppression takes place. The inferior character of the fruit is 
marked, especially in tlie Chestnut, by the remains of the teeth of the 
calyx on the summit. In the Acorn tiie gland is naked above, seated itf a 
cu : in the Hazel the leafy cupule envelopes it ; and in the Chestnut«and 
Betich the spiuy cupule encloses several fruits. 

282. The Cypsela is a oue-sced^d indehiscipnt inferior fruit, developed 
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from a unilocular ovary, and is generally surmounted by the remains of 
the calyx, forming a beak, teeth, or a senes of hairs or feathers {pappm). 
It is characteristic of the Composite (figs. 290 & 297), and, but for its 
pappus, is hardly distinguishable in the ripe state from the achene. 

This fruit is often called an achmnium. 

283. The Crmiomrp is a schizocarpous or splitting fruit, consisting 
of two inferior achenes formed from a two- or scvcral-colled com- 
pound inferior ovary, the colls of which separate when ripe as indc- 
hiscent cocci. The separate halves of the two-celled fruit of Umbcl- 
liforae are frequently called imricarpH (figs. 299-301) {Galium and 
many other Eubjpcece, &c.). 


Fig. 299. Fig. 301. 



Fig. 290. Fruit of (Emutthe. thn halves not Hppiinited. 

Fig. ;j00. Cross socMori of tho frnil of tin* Carrot. 

Fig. :4Q1. Fruit of Umbelliforfe, Iho luuriuarpH separated and hanging from the carpophore. 


284. I'he Biphftetfia is an inferior cajmde, one- or niany-cellod, dehiscing 
by valves or pores {Campunida'). 

285. The Bacca, or true bony, differs from the nmulanimn only 
in being inferior, so that it is crowned by the withered tcctli of the 
calyx; it is uniformly pulpy, with a thin skin, the numerous 
sfieds being imbedded in the pulp (Gooseberr}’, Currant, Cornel 
(fig. 302), &c.). ' 


Fig. 303. 



Fig. 302. Fig. 304. 



Fig. .303. Bern- of Cornel {Conuw mw), 

F^. 803. Vertical Hf>ction of the fruit of MenpUut (Medlar). 
Fig. 304. CroBS section of the pepo of Cucoinber. 
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286. The Pomum is a compound, many-ccUed succulent fruit, in 
which the epicarp is fleshy, while the endocarp forms either cartila- 
ginous linings and partitions to the colls (a “ core ”), or bony shells 
around the more or less separated cells (Apple, Quince, Medlar (flg. 
303), Hawthorn, &c.). The fleshy portion of the pome consists in a 
dilatation of the flower-stalk, in which the true carpels arc imbedded. 

1:87. The Pejiio, or Gourd, is a succulent inferior one-ccUed fruit, 
with the seeds on three parietal placentas, imbedded in pulp, which 
often fills up the cavity ; the epicarp is more or less leathery (Cucum- 
ber, fig. 304), or*thickcned and indurated (Gourd). 

288. The Bnlmtsta is an inferior compound fniit,^vith a brittle woody 
rind surrounding an irregular assemblage of numerous cells, in whicli the 
seeds are attached to the placentas, and have a pulpy coat (Pomegranate). 

Infmtescences or Conjluent Fruits. 

289. The Syconus is a succulent fruit, formed of an enlarged 
fleshy excavated or concave flowering axis, in which are imbedded 
nuthcrous separate fruits with dry pericarps. In tho Fig the seed- 
like pericarps are seated on tho walls of the internal cavity (fig. 305); 
in horstmwi they ore imbedded in the concave-topped common 
receptacle. 

Fig. S07. 



Fig. 305. Vcrtioal Boctioii of the Fig {Fieu* Carica), 
Fig. 306. Fruit of Mulln*rry (Jfortiff nigra). 

Fig. 307. Fruit of Fine-apple {Anana^ gafioa). 


290. The Sorosis differs from the foregoing by tho substance of the 
constituent pericarps, formed of the ovaries and floral envelopes of 
the flowers, becoming pulpy and confluent with each other (Morus, 
fig. 306), and sometimes with the succulent axis of the inflorescence 
(Fine-apple (fig. 307), Bread-finiit). 

n 2 
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291. Tho StrohiluBj or Cone, is tlic characteristic fruit of the 
Gymnosperms, consisting mostly of a conical or ovate mass of imbri- 
cated scales, with seeds in their axils (or on their borders, Cycas), 
each scale being the development of a single carpel, representing a 
female flower (Hnus). 

292. The Galhutvs is a kind of cone with few scales, which have 
their heads thickened and forming the periphery of a somewhat 
globular mass, dry {CupreasvLs)^ or sometimes succulent {Junij^erm). 

The Seed. 

293. The conscqcience of the fecundation of tho ovule is the de- 
velopment of an embryo in the embryo-sac (§ 241 ) ; and during the 
maturation of the fruit the ovules are perfected into seeds^ the essen- 
tial character of which is, that they are independent reproductive 
bodies, containing an emhnjo or rudimentary new plant at the time 
when they are cast off by the parent (fig. 309). 


Fiff. 808. 



Fig. 308. Section of an UmbelliferouB flower, showing the two seeds in »Uu, containing 

an embryo at the ujiper end, imTN>dded in albumen. 

Fig. 309. Seed of Castor-oil plant (Eioinwi) : A, external view. JS, vertical section : a, hUum ; 

ft, microjjyle, with an ariU<>de around it; c, rapAe, loading to (d) the chaliiza\ e, 
embryo, with foliaoeous cotyUiona, and radido pointing to the mteropy/e; f, endo- 
spem or eUbuinen, 

The seod^ remains attached to tho placenta of the fruit, until 
mature, by the funicudiM (§ 234), from which it ultimately separates 
by an articulation, so that a scar is left, called the hilum (§ 236). 

294. The direction and position of tho seeds in the cells of the 
fruit, as well as the modes of curvature, indicated externally by the 
relative positions of the hilum (fig. 309, a), micropyle (6), chalaza («Z), 
and raphe (c), are tho same as in the case of the ovule ; and the same 
lierms 237-240) are made use of in describing their peculiarities. 

le of a seed is tho side or edge turned towards the placenta 
from which it arises. 
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The direction of seeds may differ from that of the ovules, by alteration 
in the shape of the ovary, abortion of ovules, &c. It may be noted ^at 
anatropous ovules normally have the raphe next the placenta if ascending 
or 8m}wndedj so that the raphe indicates the face ; but by irre^^ar deve- 
lopment of the pericarp this condition may be reversed in the ripe fruit, 
as in Hmmnculm, 

P. 95. The seed consists of the proper body of the seed and its integu- 
ments, to which in some cases ore added appendages of various kinds. 

The body of the seed is sometimes called the nucleus, which leads to 
confusion, as it otysupies the same position in reference to its integuments 
as the nucleus of the ovule, but is by no means always identical with it. 

290. The outer coat of the seed, called the /esta, completely en- 
closes it, marked, however, by the microscopic orifice of the micro- 
jnjie, and by the hilum, or scar of the funiculus. The testa presents 
the greatest possible variety of conditions of texture, from membra- 
nous, homy, woody, or bony hardness, on the one hand, to a leathery 
or soft, pulpy concUtion on the other. The dry forms frequently 
exhibit beautifully regular markings, such as minute ridges, reticu- 
lations (Poppy, &c.), spines (<SfeWana, &c.) ; ortho 
margins are produced into sharp edges or broad wings 
(Jiignonia, Pinus, fig. 31 (») ; or it bears a crown of hairs, 
or coma, at one end, as in E^dhUum^ Asdejiias, &c. or 
it is completely covered with long hairs, as in the Cotton- 
plant ; while in various Polemoniacom, Labiatee, &c. {CoU 
lomia &c.) it is clothed with microscopic hairs, which 
expand elastically, and dissolve into a kind of mucilage ^ 
when wetted. Sometimes the testa is loose, and forms a 
kind of sac around the body of tlie seed, as in Orchida- 
cese, Pyrola, &c. * .* 

The inner integument, the legmen or endoplewra, is not generally 
distinguishable ; when it is, it is usually wlutish and delicate. * 

The reference of the integuments of the seed to their elements in the 




Fig. 311. Vertical section of an achieniiim of Itaitvwneiulu»i lAiowing the seed with a minute 
embryo in the albumen. 

Fig. 312. Section of the seed showing the straight embiyo in the azis of the endo- 

sperm or albumen. 

Fig. 313. Section of the caryopsis of Wheat, showing the abundant endosperm, a, with the 
embryo, 6, at the rase, outside. • 

fig. 314. Section of the seed of 2rw, with the embryo enclosed in the endosperm. 
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ovule is a subject of great complexi^, since there appear to bo no rules as 
to what regions of the ovule, from the nucleus outward, shall remain dis- 
tinguishable or enter into the composition of the coats. The testa is 
commonlv formed of the primine ana Mcundim (§ 230) of the ovule con- 
joined. i'he tegmen seems to originate sometimes from the secundine, 
sometimes from the substance of the nucleus, &c. Small iiidehiscent fruits, 
such as the achmnia ( § 257 ) f)f linnunadm or of Labiates, are liable to be 
mistaken for seeds when detached ; they are known by the remains of the 
style, and by the complete seed with its proper coat being distinguishable 
on opening the pericarp (fig. 311). 

207. A considerable number of seeds possess a coat or aj)pendage 
distinct from the ^ifoper integument, and produced eutireli/ (hiring 
the development of the seed from the ovule — -that is to say, after the fer- 
tilization of the latter. These addilional structures are frequently 
fleshy when mature, as in the Spindlc-trec, Ktiongnim, Podo- 
johylium, &c. The olacr authors called all the forms by the same 
term, arillm; recent authors distinguish the tnte ariUiis, which grows 
up over the seed from the funiculus, like the primine and secundine, 
as in Nymphasa, Passion-flowers, &c., from the arillode, which origi- 
nates at or near the micropylc, and grows down more or less over the 
testa, as in Eiwnymus (where it forms a puljiy coat), in Euphorhiaf 
Bidnus (fig. 309), Polygala, <kc. 

The mace of the Nutmeg is an arillus, adhering both to the hilum and 
micropyle. 

The appendages which grow from the raphe, in CheluLmium, Asarum, 
Viola, &c., are sometimes called strophioles. 

298.^Tjb body of the seed is composed either of the emhmjo alone, 
or of the embryo imbedded in a mass of tissue, called the 
peri^perm, at albumen (figs. 311-318). Seeds wherein the embryo 
is immediately invested by the integuments are commonly called ex- 


Fig. 317. 



Fig. 315. Setition of thr aued of Lyehnigt with a peripherically curved eminyo, surroanding 
the periHpenn, a. 

Fig. 315. Section of the seed of Piper, showing the emhiyo in a separate boo at the apex of the 
endoBTOnu. whinh laticT in hollow in the middle. 

Fig. 317. Section of the fruit of the'Cocoa>nnt Fnlm, showing the fibrona epicarp, the woody 
endocarp (f) enclosing the hollow perispenn, in which lies the minute' embiyo. 
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dlhiimmons (figs. 319 & 321). Where an exists, they are 

called alhummom (figs. 311 Ac.). 

The t(^rm alhumeHj founded upon the functional analog}- with the albu- 
men, or w'hilo of tin egg, is veiy inconvenient, as it has a distinct chemical 
sense, in which it is freqmmtly iiscid in the chemical questions of vegetable 
physiology ; and therefore the word perkperm is preferable. 

2i>9. The periapenn varies very much in both quantity and in 
texture — in proportion to the relative magnitude attained by the em- 
biyo (figs. 31 5 k 31 8), and in consequence of the different mode of 
development of tfie cellular tissue and its contemts in diiferciit cases. 

The texi-ure or consistence of the perisperm id termed mealy or 
fannaceous wlum it may bo readily broken dmni into a starchy 
po^\'der (as in Corn-grains &c.), oily when it is composed of soft 



Fig. 31S. Vcrtiml ff.hiliim; ft,micropyle: e. raphe; (I^ehalaza; 

e.ojnhn o;/, perisperm. 

Fig. 3H4. ExHlhuniinouH (licotylechuioiis of a Beoii, with tliu coats rexuovfft: % radicle; 

V eotyledona (Mmurnted to show the plumule, c). 

Fig. 320. Monocotyh'doiioiiB emuryf»s muoved from the i»eriBperm, Tcrtioally sliced : A» of 
CuUm paluntrig; B, rf?wa (Oat) : a. raditJc; cotyledon ; c, plumule. 


tissue loaded with fixed oil (as in the Popi)y and Cocoa-nut), wiiK- 
larhwm or fioshy when it is tougher and swells up readily when 
wetted (as in the Mallow), when hard and .more or less 

elastic (as in Coffi^e, Galium^ Iris, &c.). 

The peri«)emi is usually a uniform mass ; but in Nymphaa, Piperace® 
(fig. 81(5), Canna, and sonic other plants the embiyo is contained in an 
mner central compai'tment or sac (sometimes called the amniotic sac), 
so that the perisperm is here double; tbo enclosed portion is some- 
times called the etKlwpenn', the development of this«will be described 
in the Physiological part of this work. 

The uniformity of the peiispc'rni is also destroyed in some seeds by a 
peculiar lobulate^ condition of the outer portion, the sinuosities being 
filled up and enclosed in an inseparable layer of difierent-coloured tissue, 
giving a marbled appearance ; this, which is seen in the Nutmeg, is called 
a mminated perisperui or albumen. In Ibc Cocoa-nut the nerisperm is 
hollow when mature, containing the so-called milk (fig. 317). 

300. The embryo, or rudimentary plant contained in the se^, 
crdinoiily possesses, when the seed is *inaturo, all the essential 
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organs of vegetation, namely root, stem, and leaves, although in a 
few cases the leaves arc undistinguishable ; while in others the em- 
bryo is a mere cellular nodule in the ripe seed, as in Orchidaccae and 
Orobanchaccse. 

301. The end of the embryo pointing to the micropyle is the 
radicle (figs. 318 321 «) or rudimentary root, forming the lower 
end of the axis which tenninates at the other end in the jtfumule 
(figs. 319-321 c) or rudimentary terminal bud ; the rudimentary 
leaves, called eotyledom (figs. 31 9-321 h'\ V 6), differ in number in the 
two great classes of Angiospermous Plowering plants, since in Ihe 
Dicotyledons there ^jrc two, placed face to fafte at the ui)per end of the 
axis, with the pluniiilc between tliem (fig. 319) ; and in Monocoly- 
ledons only one exists (or the rudiment of another on a different 
level), and this is more or less completely rolled round the plumule, 
like the sheath of the Jeaf in Grasses (fig. 321). 

Fig. 321. Fig. 322. Fig. 323. Fig. 324. 



Kg. 321. ExalbnminouR Monocotyledonnufi Boc‘d of Tatwnwqeton, with the coat removed ! 
a, radicle ; d, cotyledon ; c, plumule. 

Kg. 322. oi Pinna, extracted from the cndoB])cnn, and the cotyledonary lobes sepo- 

Kg. 323, Vi^rtical section of the seed of AItom BeUtidonna. 

Fig. 324. Vertical section of the seed of the Hop {JCumufva). 

The embryos of the Gymnosperms are either dicotyledonous, ns in Cyras, 
Taoevs, Juniperm, &c.,ot really or apparently pclycMylcdmims, as in i^nm 
(fig. 322), where it is said that the seeming whorl is formed of two deeply 
divided cotyledons, 

302. The emhiyo, whether covered only by the coats, or imbedded 
in peris])erm, exhibits many varieties in the relative position of its 
parts : thus it may he straight (fig. 312), carved, arevute, or hoohed 
-(fig. 323), spirally coiled (fig. 324), or foUU ; in the last cose the 
radicle may be folded against the hack of one of the cotyledons {irumm- 
lent, fig. 325), or against their edges {arcumbent). The cotyledons, 
which are usually of fleshy texture, and vary much in form, degree of 
expansion, and solidity in different cases, are occasionally rolled or 
folded up like leaves in leaf-buds (figs. 326 & 327) ; and those are 
described by the terms defined above under the vernation of leaves 
(§ 113). Tbey have sometimes quite a foliaceom character, as in 
Gonvohiulus, Rkinm (fig. 318), Ac. The fleshy kinds occasionally 
cohere very firmly in Dicotyledons in the mature state ; and they are 
sometimes of unequal sizc,^aB in Trapa natam. 
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In most cases the cotyledons form the greater part of the embryo ; 
but sometimes they arc very small {Barringtonia)^ while in Cumita, 


Fig. 825, 


Fig. 326. Fig. 327. 



Fig. n2ri. To.rticol Boction of ihp seed of ErytAmum : a, fiinionlnR. 

Fig. DiontjledonouB embryo extracted from a Turmp-BiM>d. 

Fig. 327. i)ieoty1udonoas embryo extracted from tht; B^ed of the Maple (.Acer). 



a leafless parasite, they are undistinguishablc. The cotyledons usually 
decay after the germination of the seed ; but in Welwitschia the two 
cot^ilcdous are persistent, and form the only leaves of the plant 
throughout its lib. 

303. The relations of the embryo to the perisperm and integu- 

ments aflbrd some regular conditions, to which special terms are 
ajiplied. With regard to the perisperm, the embryo may be aadal 
(fig. 312), and then merely with its cotyledons lying against the 
apex of the perisperm, as in OareXy or completely immersed in it, as 
in Polygonum ; it may be ahaxial or excentricy when the layer of peri- 
sperm is thickest on one side ; or it may be extemaly and t]|en either 
lateral, as in the Grasses (fig. 313), or peripherical {albumen centrale), 
when it curves round the perisperm, as in MirahiUs, lychnis (fig. 315), 
&c., or with the perisperm outside (albumen peripTierioum), • 

304. The direction of the embryo in relation to the micropyle is 
almost always constant, the radicle pointing to that orifice, which 
indicates the organic apex of the seed. 


CHAPTER III. 

MORPHOLOGY OF THE CRYPTOGAMIA. 

Geiteral Osservatiors. 

305. The general distinctive characteristics of this division of the 
Vegetable Kingdom arc : — 1st, the substitution for flowers of sexual 
organs which, although analogous in many respects, are of very 
different structure from those of the Phanerogamia, and are both in- 
conspicuous in relation to the vegetative organs, and very transitory 
in their existence ; 2iidly, the production, by the various forms of 
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fruit, of the reproductive bodies called spores^ destitute of an embryo 
and often consisting of simple cells, instead of seeds like those of the 
Fhancrogamia. 

306. By these characters the whole of the Cryptogamia are at once 
separated from thePhanerogaraia,and at the same time allied together. 
The Cryptogamia themselves arc divisible into two princqial groujw, 
characterized by the st-nidurc of their vegetative organs and the 
nature of their fructificat ion. The higher group, composed of the 
Ferns and their allies, the Mosses, &c., are related to the Phane- 
rogamia by the possession of an axis or stem bearing leaves and roots ; 
and their spores af^ matured in sp(*cial organs, called spore-cases or 
smranges^ formed from the foliar organs. The lower groui)s present 
no clearly marked distinctions between root, stem, and leaves ; but 
their vegetative structure presents itself in a vast variety of forms, 
often of indeterminate mode of growth — sometimes imitating a leaf, 
sometimes a stem, and sometimes a root, but always composed of 
simple cellular tissue, and without lojives or Icnf-huds. 'I'his struc- 
ture is known by the name of a iJiallns^ signifying a hed or layer. 
The sim])le8t plants of this class consist merely of single cells. Tn 
other cases the cells are arranged in linear stories, siniiile or bi‘anchcd, 
or in planes ; and thus by st ages of gradually increasing complexity 
the higher groups arc reached. The reproductive organs have now 
been ascertained in so many instances to bo, some aniJogous to the 
male, others to the feraalcj organs, that the existence of sexual re- 
production may be regarded as general throughout the group. Tlio 
spores of the Thallophyta are not produced in higlily organized cap- 
sules like those of the Angiosporse, but lobes or parts of the thallus 
ar^s more or less modified to form fruits of diverse form, in which the 
spores are produced in more or less ex posed? paivuit cells, or 
from which they are directly discharged when mature. The Thal- 
lophyta arc likewise extensively ])ropagated by cells ( (jonidia. and 
conidtg) , w^hich become detached from va,rious points of the thallus ; 
t£esc, nowever, are analogous to hMeh, and not to seeds or spores. 
Many of them are reproduced by a^oosnores. or cells which become 
detached from th^parent plant, swim about in water by moans of 
cilia, and uKimatcly become developed into a thallus. In other cases, 
ajgain, reproduction is effected ])y means of a process turned conmga- 
fion, wherein a communication beWeennb^ cells is established, and 
the contents of the two Income blended into a single spore. 

The modifications, both of the vegetative and reproductive organs of 
the Cnrptogamia, are so numerous and diverse, and so cliaracteristic in 
each class, that it is most convenient to treat their morphology under the 
separate heads of the classes, and not of the organs themselves, as lias been 
done with the Phanerogamia ; henct^ further remarks on this subject will 
be found under the head of the several groups, and in the phyuological 
portion of the work. 
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PAET 11. 

SYSMJAllC BOTANY.. 


CHAPTER I. 

nuxcirLES of classification. 

Sect. 1. Species and Geneea. 

307. In the study of Vegetable Morpliology we endeavour to 
discriniinaie the diilerent kinds of organs possessed by plants, to 
refer 1 o their appropriate' types the infinite variety of their forms and 
modifications, and to ascertain the general laws under the regulation 
of which the diversity of actual conditions is evolved. In Syste- 
matic Botany a different problem is set. It is no longer in the 
separate parts or organs of plants that we seek the primary facts 
upon which to found our generalizations, but in entire plants possess- 
ing peculiar assemblages of m(>q)hological characters. Our object, is, 
in the first place, to^stablish analytically our elementary facte in 
the rigid definition of the distinct kinds of plants ; and, in the next 
place, synthetically to generalize them, by gathering the kinds into 
classes, according to essential agreements among themselves, which 
classes tlicn become types of the Vegetable Kingdom, and illustrations 
of the physiological and morphological laws ruling the existence of 
plants. 

Just as in moiphology the study of the special forms of organs in 
detail must precede the formation of a clear general conception of each kind 
of organ, so the study of individual kinds of plants must precede the for- 
mation of clear ideas respecting classes or aggi-egates of plants. But, on 
the other hand, as the establishment of mor})hological principles facilitates 
the discovery of the true signification of organs of unusual character, the 
establishment of philosophical principles of classification leads to tbei re- 
cognition, not only of the relalions of obscurely characterized kinds of plants, 
but of the relative importance, in a systematic point of view, of the different 
characters by which the particular kinds of plants ore distinguished. 

These considerations indicate the main ^tinction between what are 
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called Artificial and Natural Classilicaliona. In the former, the only 
object is to arrangAr place objects in such order that we may find them 
readily by some prominent mark', in the same manner ns words are arranged 
alphaoeticnlly in a dictionary. In Natural Classification, the object is so 
to combmo our materials that the things brought closest together shall 
have the greatest possible agreement; from which it results that a know- 
ledge of idl the peculiarities of one carritjs with it the knowledge of most 
of ^ose of its neighbours, and cmables us, from the observation of a portion 
of the characters of a given Idud, to foresee the rest, or at all events to 
determine the limits beyond which it cannot vary — in the same manner as 
we conclude from our knowhidge of a noun substantive 'as to the meaning 
of the derivative vei^^ with its adjectival participles, &c. 

308. Systematic Eotany is founded upon the recognition of the 
existence of distinct hinds of plants — a notion which of course 
belongs not to science Exclusively, but is a part of the common ex- 
perience of the world. Hut there is a groat difference, practically, 
between the kinds of things accepted in the ordinary affairs of life 
and the kinds admitted in science, more especially in the liiologjcal 
sciences. The idea of a hind, or, as it is termed, a species, in Botany 
and Zoology, is a conception which hjis something peculiar to its(df 
as part of these sciences — and is not only rigidly defined, but its 
definition is made to depend upon considerations of the widest 
generality. 

309. We may adopt, from universal experience, the assertion that 
the Vegetable Kingdom consists of plants of a vast variety of forms, 
and, further, that we meet with more or less considerable numbers 
of individual plants possessing similar forms, or ufidistinguishable 
from one another by any differences except those of size, height, and 
thci like. In common language, we connect together all such similar 
forms under one name, saying they are all of fee hlml ; this simple 
abstraction is a rough exemidification of the naturalist^s species. But 
science requires that the ideas upon which it builds should be 
firmly established and accurately defined. Now it will be commonly 
found that the notions of the distinction of kinds held by ordinary 
persons are totally deficient both of fixity and generality; and if 

■ inquired into, they will bo discovered to rest upon arbitrary, and often 
even upon false grounds. Hence the naturalist, admitting the 
general fact of the existence of kinds, seeks for something more 
fixed, more essential, by which to define the idea, to servo as a guide 
and rule in obscure cases, and os a means of establishing among the 
cultivators of science that agreement upon fundamental propositions 
which is indispensable to the advancement of knowledge. 

310. Wo have admitted the common notion of kind, as founded 
on resemblances. There is another fact of doily experience which 
is no less important in reference to this point ; that is, the circum- 
stance that plants produced from seeds most commonly resemble in 
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all important respects the parent plant from w^jich the seeds are 
deriyed, and this through an indefinite nnmber of generations; 
from which it follows that kinds or species of plants are regu- 
larly reproduced by their seeds. . 

Hll. According as we attribute greater weight to one or the other of 
thr.^e departments of experience, wo shall bring forward most pro- 
minently one ortho other of the two most important of the characters 
by which the idea of a species is defined. 1st. A species consists of 
all those indi\’i(iuiila which agree in all their important characters, 
in the same way as do individuals of analogous structure, which we 
know to have descended through a number ofr generations from a 
common stock. 2nd. A species consists of 111 those individuals 
which have IxHin produced through seed from /n original individual, 
or pair of individuals, of a distinct kind ; o/, t6 put it loss hypo- 
thetically, a species includes all the descendants of an indeterminate 
number of progenitors which did not differ from each other in any 
characters which are constant in their progeny. To these may bo 
added the assertions that individuals of the same species may bo 
cross-fertilized, to the improvement rather than the detriment of the 
fertility of their seeds, and that they are affected in a generally 
similar manner by external agencies. 

It must bo repeated here that the whole object of these definitions is 
to moke clear and precise a notion derived directly from general expe- 
rience, and not merely to set up an irangiiiary or metaphysical conception 
which is not realized in nature. Species, on this view, actually exist; 
for every individual represents the species to which it is referred, and 
can only differ from tliu description applied as characteristic of it in 
possessing certain additional, unimportant peculiarities, which may be 
passed over when considering this individual in the light of a repre- 
sentative of its species. _ • 

Diversity of opinion still exists among naturalists as to the origin and 
fixity of species. On the one hand it is assumed that every distinct 
species has originated in a distinct creation of that form, which has been 
perpetuated, with the essential characters unchanged, through succeeding 
generations. It is usually added by the same school that, as regards 
plants, every species has originated from a single prototype, or a pair of 
parents where the plant is dioecious. . * , 

It is of some considerable importance whether wo^ suppose the pro- 
totypes to have been singly created or in nunihers, since, as has been 
acutely observed, the admission of a number of simultaneously created 
prototypes gives the possibility of certain varieties, or races as they are 
caUed, being aboriginal, like the species itself; while extension of the 
original creation may also bo earned so far as to contradict not only the 
assumption of what are called original centres of diffusion of species, 
the basis of most of the generalizations of Geogr^hical Botany, but also 
the hypothesis of the single origin of species in time, which is necessaiy 
to all palaeontological arguments respecting the relative age of geologicm 
formations. 
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On the other hand, it is contended by some writers that species are not 
all aboriginal ; and mis notion involves the conclusion that they are not 
absolutely invariable, and the developmental doctrine is thus adopted, 
often indeed in a modified form, by the supposition of the creation of a 
certain number of prototypes, from which, under the influence of varying 
external agencies, the multiplied forms have, in the course of long ages, 
been evolved, — an assumption less waainuted by experience than the 
assertion of distinct creations. In adopting the hypothesis that species 
are invariable, and that thi) prototype or prototypes were created at one 
time and in one place, we believe that we acc(mt the view supported by 
the preponderating amouiil of evidence, which is necessarily scanty on 
both skies. And whQt appears to us still more important is the fact 
that we hero take up t, principle vrliich is far more fruitful in conclusions 
leading to a lucid and lonsisttmt view of the creation. 

Mention has been ma^ie of modifications of individual representatives 
of species, under the name of Varieties, We have stated that species are 
distinguished by their constant characters, but that individuals may 
possess other additional characters of less importance, which ore incon- 
stant. Even as in the human species we find every individual possessing 
certain peculiarities, so even in almost to tlie lowest of created oeings do 
we find what is called an idiosyncrasy, and individual character, chiefly 
depending, in the vegetable kingclom, upon the conditions under which they 
have grown up. We often find seeds from the some parent producing 
individual plants diliering in the colour, size, and number of their flowers, 
and of their vegetative organs, according to the conditions of climate and 
soil to which we submit them. V ery often, moreover, we find these difler- 
ences displaying themselves under what appear to us identical conditions — 
as is particularly tho case with many of the favourite florists’ flowers,” 
such ns tho Pelargoniumy Fiwhsin, Pinks, Asters, &c., which sport ” out 
into numberless varieties when raised from seed under highly artificial 
conditions. The occurrence of sucli variations is less common, and, when 
it occurs, generally less marked in wild plants ; which might naturally be 
expected, from the likeliho(»d of wild plants’ maintaining their footing 
best m a position where th(i conditions are most natural to them ; hut we 
do find remarkable cases of variation in many wild species, as of colour in 
the cominou Milkwort and the Columbine (Auuileffia) ; hut most of those 
kinds which exhibit tin? tendency now and then in a wild state, become 
extremely vaidablc under culture. Some of the variations ore dependent 
simply upon modifications of the cell-contents of certain tissues, as in the 
"’commonest of all variations, those of colour, and in the not uncommon 
Mpearance of white patches and streaks (“ variegation ”) on the leaves, 
efther variations are teratological, and result from the over-stimulation of 
the vegetative system, causing the r^roductive organs to degenerate (of 
which the ordinaiy “ doubling ” of nowers by the deCTodation of their 
stamens into petals is an example) — or, vice versd, flie application of 
stimuli at particular epochs, producing remarkable development of flower 
or fruit. ^ All these variations, more especioll y those involving serious 
teratological changes, tend to disappear. Common variations, of slight 
impo^nce, mostly die out at once in the descendants through seed, 
especially if the conditions varied ; serious departures firom the typical 
structure (teratolo^cal variations) le^ to barrenness and incapability of 
continuing either the variety or the species by seed. 



159 


It is important to note here a fact which will be more minutely 
examined in another phice, namely, that although the peculiar characters 
of varieties are commonly lost in seeds, the peculiar form is capable of 
indefinite propagation by Vegetative multiplication through cuttings &c., 
the special idiosyncrasy being possessfd in common throughout all the 
leaf-buds, both while fonning part of the parent and after they have been 
dot It died from it to foim new plants, grafts, &c. 

A certain number of species which vary more or loss in a wild state, 
exhibit a remarkable peculiarity under systematic cultivation. Iljr strictly 
maintaining a certain set of conditions, varictios originating accidentally 
or through iutcmtional treatmtmt are made to niaiiilest their additional 
peculiarities so sti'ongly, that they transmit the. tendency to present 
similar peculiarities to their si^eds ; and such trnn^hission goes on for an 
ind(*finite number of generations, provided the requisite extoial conditions 
are kept up. In this way arise what ai'o called series of individuals 

connected hy common characters and by genemtion, like species; but, 
unlike tJiem, liable to lose, in one or a few generations, under change of 
conditions, part or all of tho essential characters by which they are distin- 
guished. We liavc examples of such races in most of our esculent vege- 
tallies, especially in the many vaneties of fonn, more or less permanent, 
deiived from the wild Cabbage (liraasica oleracea). 

These, tfigether with IL/bridSf or the produce of cross-fertilization 
between individuals of distinct species, will be referwjd to again among tho 
ph(‘ii()mena of the Physiology of lioproduction. Tho detenninatioii of tho 
limits of species is greatly obstructed in many cases by the frequent 
oc<*um'nce of vai*ieties, and mon^ partifMilarly of races — to which hybrids 
add another coiiipli(?ation, probably of less importance than many niodem 
nuthors suppose. It appears probable that the number of real spi^cies is 
far smaller than is usually supposed, and that uiiuiy races, and a large 
nuinher of frequently recurring varieties, hold a place in our existing lists 
of species. 

■ 

81 2. In the foregoing paragrjqihs wo have endeavoured to define 
and explain the iniivorsal idea of sjiecies, or kinds, in its peculiar 
acceptation in natural history, more particularly’- in liotany. Anj^ecies 
includes all the individuals that agree in all their constant characters. 
If distinct species exist, it is clear that they, on the other hand, 
must differ in their constant characters. But whenever wo examine 
a large assemblage of distinct species, wo shall find that certain 
of those agree with certain others more closely than with the rest; 
so that we may parcel them out into groups, in. each of which 
wo shall find an agi’ccmciit in a number of common characters, 
by which it is also distinguishable from the other groups. Gene- 
rally speaking, we shall find that we can place together a number 
of species agreeing closely in the essential plan of construction of 
their Jloral organs, while they differ in tlie forms and duration of 
their vegetative organs the. Groups of this kind are culh^d genera ; 
and the notion of a *gen\is, like that of species, is not only common 
to all dep^ments of human knowledge, but it is also existent 
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in the lang^ge of common life in its special natural-history sense, 
only requiring for scientific purposes to be more strictly defined. 
In every language we find generic names applied to plants, such as 
Willow, Rose, Violet, and a hundred others, each of which terms is 
indicative of a group of kinds or species, more or less extensive in 
different cases, correapbnding exactly in its logical value to the 
geniM of the botanist. 

Some of these groups are characterized by very striking peculiarities, 
so that even the genera of vulgar langiiage correspond veiy nearly with 
those of the botanist but in the generality of cases the popular collective 
names are applied o\\ simerficial grounds of resemblance, and include 
widely diverse specieso For example, the term Violet is made to bind 
together not merely thdujominon scented and other true Violets, but the 
Dame’s Violet (Heaperi^j a plant of the Cabbage family, the Oalathian 
Violet (Genfiann Pnmmoiiardlie\ a true and characteristic Gentian, the 
Dog’s-tooth Violet {Erythrmiium HenA-Ciiim), a plant of the Lily family, 
&c. ; while the term Rose is extended from tnie Roses to Oieti, or Rock- 
roses, Rhododendrons, Alpine R()aes, &c. Still some real genera <wre 
characterized in a sufficiently marked way for most of their constituent 
species to be recognized as such pretty readily, after a very small amount 
of attentive examination, as, for example, tnie Ro8es,Willows, Pinks, &c. ; 
and we call such genera, including species of a very marked similarity, 
natural genera ” par exceUetwe. On the other hand, the principle of com- 
bination which accords with the intuitive classification in those natural 
genera leads to the establishment of other genera wherein the species 
seem at first sight to differ widely, of which wo could not have a tetter 
example than in the genus JEuphorbia, where our native species are incon- 
spicuous herbs, while the tropics afford species with large spiny Oactus- 
like trunks, &c. 

Moreover the carrying out of the same principle leads in certain cases 
to the generic separation of species which present close agreement in 
their'' general characters, but are distributable into a number of groups 
charocterized by very decided morphological diversities in important 
parts of their floral organs. Thus, in the Umbelliferae, the Composite, the 
Grasses, and some other families, we separate gcnerically sj^cies which 
have a great resemblance in the majority of their characters. This happens 
especially in what are called wry tiattiral familm of plants, large assem- 
blages of genera evidently connected with each other by the presence of 
some very mhrked pecidiarity, such as the ITmbt'lliferous inflorescence, . 
the Papilionaceous corolla of the Leguminosie, the Oapitulous inflorescence 
of the Compositie, the peculiar spikelets in the Grasses, &c. On the other 
hand, the natural genera ” occur mostly where the character of the natural 
family is more lax and flexible, as in the Ranunculacem, Rosacem, &c. 

In "the present state of knowledge, it must be admitted that a large 
portion of our generic distinctions ore somewhat arbitrary, and that the 
species included in some genera agree together much more closely than 
tnose combined under other generic heads. At the same time it cannot 
be doubted that some genera are really &r more extensively represented 
by Species than others ; so that the mere number of kinds included in a 
genus is to be totally neglected in a natural dassification } and many recent 
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authors hare done disservice to science in general by splitting up largo 
natural genera on slight characters for the convenience of systematists. 
It is far more instructive to keep together the members of large natural 
genera, like Ficus, Frica, licffonia, &c., than to subdivide them under 
names which disguise their relations ; and the convenience of systematists 
may always be sufficiently regarded by the establishment of sections in 
extensive descriptive works. 

iil3. Genera are groups of species associated on account of agree- 
ment in the essential characters of their floral organs ; but here, as 
elsewhere in nature, variations from our abstract types must, to a 
certain extent, ho admitted. Some undoubtedly natural genera in- 
clude species with their floral organs varying ir^ certain particulars 
more than is usual in groups associated under alommou type, some- 
what as certain species admit of a wider rawe of variation than 
others. Here, again, physiological characters become of value ; and 
as in species we regard the fertility of the seeds produced by un- 
limited cross-breeding between the varieties as a prorf of these being 
indi^viduals of the same species, so wiih regard to genera it is com- 
monly held that a generic connexion between diverse species is 
indicated by the capability of producing hybrids by cross-breeding. 
These true hybrids j)roducod between distinct species of the same 
genus are barren, or can only breed with individuals of ono of the 
parent species, which soon eliminates the cross, and leads to a com- 
plete reversion to that species. 

This physiological test is consonant with morpholo^cal evidence. In- 
dividual of the same species are capable of indisenminate fertilization 
because they are exactly alike in all essentials of structure. In hybrids 
produced between two species of a genus, the parents agree sufficiently in 
structure to allow of their producing a few fertile seeds, but the plants 
raised flrom these seeds contein two contradictory impulses^ which so mr 
prevent the perfection of their organization that they remam barren. • 

314. [The above remarks on the nature of species were penned 
before the publication of Mr. Darwin’s work on the ‘ Origin of Species.’ 
It is of course inlpossible to say to what extent, if at all, Professor 
Henfrey’s views on these points would have been modified by the pub- 
lications of Darwin, Herbert Spcnccr, Wallace, and other advocates of 
what is termed the hypothesis of the derivative origin of species ; hence 
it has been deemed preferable to retain Professor Henfrey’s opinion 
as above expressed, without addition or modification. It is neverthe- 
less desirable to state succinctly the views now held by a large number 
of naturalists as to the origin and progress of the aggregates or forms 
called species. Assuming, then, the existence at this present epoch 
of certain aggregates of individual plants which may conveniently be 
called species, these species are, on the derivative hypothesis, sup- 
posed to have' originated from other pree^stent species, and these 
again from others ; so that in the beginning, it is sunnised, there 
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were but a very few primordial forms, from which all existing 
species have been derived, just as individuals may be traced back 
to a common parent sto(jk. 

Supposing species to have originated in this way, the question then 
arises as to what causes have produced the mo£hcations. Where, 
on this hypothesis, there were originally a very few, or perhaps a 
single primordial form, to which all then existing individuals might 
be referred, there is now an infinite number of forms both in the 
animal and vegetable kingdoms. How have these forma arisen ? To 
this question the answer given by various naturalists has been 
different. 

By some the vari itions have been attributed to the infiucncc of 
external conditions \by Darwin to an innate tendency, i)roducing 
variations of structuit:>, some of which, under given circumstances, 
would be favourable to the progress and development of the individual, 
and others not so. In the battlo of life, the struggle constantly 
going on in animated nature, those variations most advantageous to 
tiie organism in its com])etition with others would be preser\"ed! by 
“natural selection,” while other variations of less advantageous 
character would bo obliterated or not perpetuated. Hence the 
victory would bo to the strongest, the weakest would go to the wall, 
and the result would bo, in Mr. Spencer’s language, “ the survival of 
the fittest.” It will thus be seen that on this hypothesis species 
arc not considered immutable, and variations, cs2)ecial1y such as 
arc advantageous to the organisms, are regarded as the starting- 
points of new species. With reference to these points the student 
will do well to bear in mind that these and kindred speculations arc 
not to be treated as dogmas or creeds, but as moons to an end, and that 
end tlie more perfect knowledge of the origin and relation of existing 
forTns. Any hypothesis or theory which will servo to correlate and 
bind together a number of otherwise isolated facts and explain their 
interdependence, is valuable not only for what it eflbcts at the 
time, but as a focus around which other fficts may in future bo 
gathered. That hypothesis is best which serves to give a rational 
explanation of the largest number of observed phenomena of the 
greatest importance. Tried by this test, the Darwinian hypothesis, 
or, rather, the thbory of evolution, has great advantages, and jiresents 
on the whole fewer difficulties and less inconsistencies than the older 
hypothesis of separate creation of each species. Particularly does 
thiis seem true in the case of the subject now before us — the dassi- 
fication of plants. The admission of the principle of filiation and 
genealogical descent gives the natural system of classification a 
dearer claim to its title of “ natural ” than it had before, supplies 
the explanation of a vast number of phenomena otherwise inexpli- 
cable, and offers plausible and valid reasons for the existence of facts 
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and processes that were previously considered either unintelligible or 
piir])oseless modifications of an assumed structural type. Thcj portion 
of Mr. Darwin’s h}T)<jtheBis which hafi perhaps received the least 
amount of assent has been that relating to natural selection. The 
idea w^as bjised on that artificial process of selection by means of 
which man has been enabled progressively to imjirove and perpetuate 
the diflerent forms of clomostic animals and cultivated plants. In the 
latter case the horticulturist is ever on the look-out for variations. 
If he sees one that suits his puri)Ose, such, for instance, as a form 
producing larger fft)wei*s than ordinary, he does all that he can to per- 
j)otna.lo that variety by carefully selecting seed from it, at the same 
lime that he destroys or ncglec^ts other less desirf^\)lc variations. In 
this manner, after a time, Ibc selected variety bionics “ fixed,” and 
a ‘‘ race ” is formed. Oji the Darwinian hypothiifeis a selective process 
is supposed to occur naturally, similar to that employed by the 
gardener or agriculturist as just explained, such selection or elimina- 
tio]i resulting, as before said, in the survival of the fittest.] 

Sect. 2. N0MT5NCLATT7M?. 

315. The Terminology of Iloi any establishes exact rules fot naming 
the i)arts or organs of jdanis, and the difierent characteristics which 
those organs present. Nomenclature deals with the naming of plants 
themselves as mcmbei’s or parts of the Vegetable Kingdom; and it 
furnishes Iho rules for naming the kinds of plants, and the various 
groui)s or assemblages in wliicii they are associated in our systematic 
classifications of kinds. 

Common and striking plants possessed names before the Science of 
Botany existed ; and the earlier bolaui^ts adopted those names j but the 
natural result of minute investigation has been, on the one hand, to prove 
that difierent things were ofhni confounded under one name, and, on the 
other, to ascertain the exisUnice of multitudes of plants previously un- 
known, and for which no names existed. For a long period tlie wants of 
botjinists in this respcjct were supplied somewhat irregidarly — either by 
associating choractenstic adjectives or descriptive sentences with existing 
names, or, where a decid(*d' aeneric distinctiun was manifest, by the in- 
vtmtion of new names, which laid the foundation of a purely technical 
nomenclature. ^ * 

It has been remarked in a preceding section that the groundwork of 
the scientific idea of a genus exists in carnmon lan^age ; and we find that 
names applied to collections of kinds al>ound in the languages of all races 
of men which have made any considerable progress in intellectual culture. 
In most, if not aU, languages there is a strong tendency to give them a 
substantive value, and to separate the included species by adjectival quali- 
fying names. It is true that these generic substantives must be founded 
in the first instance on the observation of a simple kind ; but, in the im- 
perfection of early observation, the term is ^tended by generalization 
long before ^e peculiar chai-acteristics of the included species are clearly 
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diBcriminated. Hence we find the majority of the plants named in the 
oldest writers, and in the lan^age of common life, designated in the first 
place according to supposed generic characters, and only secondarily 
according to specific difierences. 

316. Botanists accept the rule of nomenclature given by common 
language, which makes the generic name the basis of the name of all 
species. In respect to this, then, interference is restricted to the 
clear distinction and rigid limitation of groups which are combined 
under generic names. 

317. In respect to species, however, it was long- ago found that no 
mere modification of the rules of ordinary language would sutfice to 
bring the nomcnckture of plants into that definite and simple con- 
dition which is on(\ of the primary conditions of scientific progress ; 
and the immortal LiVjnmus, who effected such a fruitful revolution in 
descriptive natural history by the establishment of a fixed and rational 
terminology, furnished one of the most valuable instruments for the 
promotion of philosophical natural history when he propounded the 
now universally adopted scheme of the hinomidl nomenclature, - De- 
parting from the inconvenient and illogical 2 >rineiple that the name of a 
thing should be a description of it, he carried out the method of abstrac- 
tion from the genus to tho species, and made a single word serve the 
purpose of a sign at once of specific value and of specific peculiarity. 

The primary rule in botanical (and zoological) nomenclature is, that 
every species shall have a particular name., compounded of a substantive 
and an adjective (or substantive used adjectively), whereof the former 
indicates the genus, and the latter the specnes. 

This rule of naming may be compared with the common usage of sur- 
names and Christian names, the former indicating the family to which a 
man belongs, while the latter admits of his being spoken or written about 
without the necessity of adverting, except for special purposes, to his per- 
sonal peculiarities or his relationship to the other members of his family. 

31 8. These scientific names of plants were originally established 
in Ijatin, because Latin was the general language of science at the 
time they were introduced, and they will be retained with advantage 
so long as diversity of language exists, since they ensure to all plants 
and animpls names which have universal acceptation, and which, 
like the Arabic numerals 1 , 2, 3, &c,, are equally comprehensible to 
the educated of all nations. 

With regard to what are caUed '^vulgar*’ names of plants, much stress 
is laid by some writers on the desirableness of possessing a name in the 
ordinary language of each country. It seems to us that while a real ad- 
vantage exists in ascertaining the scientific value or synonym of the 
vulgar names which from long use form a real part of a language, none is 
gained by making fresh names, by translating the I^tin names or other- 
wise, for species not previously recognized by ordinaiy personsil- the use 
pf such pseudo-vulgar names in poetry or other imaginative fiterature is 
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equally pedantic and inhannonious witli that of Latin tenus ; and where 
exact ideas arc to be communicated^ the technical Latin names are less 
equivocal, and generally preferable on the score of brevity and simplicity. 

If all generic names were significant of striking peculiarities, more 
might be said in favour of translated names ; but such is not and cannot 
be the case, and hence the slight amount of^ information possible !obe 
conveyed in this way to the uneducated should not weigh at all against 
the enormous inconvenience and confusion which would occur to science 
from the adoption of a complete set of vernacular synonyms for general 
iLse in each language. Sunicient inconvenience is felt in this respect by 
forei^ers, from th (4 favour with which a pure and idiomatic vernacular 
terminology and nomenclature is regai'ded by German naturalists, to serve 
as a warning to those who w'ould introduce it elsewhere. 

319. The substantive names of genera hiivr:''becn and arc still 
formed very arbitrarily, and without any generally recognized 
principle. 

All those which have been identified as known to the ancients are 
called by their classic names, such as Prmms, Myrtus, Queremy ThymuBy 
&c.y ihe etymology of which is more or less obscure in various cases. A 
very large proportion of modern gencjric names are founded upon com- 
binations of Latin and, more particuliirly, Greek words indicating some 
obvious external peculiarity, or some property possessed, or supposed to be 
possessed, by the phints ; but the application of this principle has often 
been carried out without accurate knowledge, and wimout happiness in 
selection, so that many such names are but little characteristic, and would 
often apply more correctly to other genera. Those, on the contrary, wliich 
are well chosen afford a certtdn assistance to the memory ; examples of such 
names, founded on structm'e, occur in : — LiUMspei'mwiiy so called from its 
stony fruit (or supposed seed) j Ca7npimulay from its bell-shaped corolla 5 
Sayittana, from its arrow-shaped leaves, &c. : on mialities, in Glycyrrhisa 
(Liquorice), from its sweet rhizome; Itubia (Madder), from yielding 
a red dye ; Lactuca (Lettuce), from its milky juice, &c. : or on accustomed 
station, as Aremna, lipidendru^ny &c. : others have derived their nanfes 
from BUpposiid medicinal powers, such as Pidmoiuiriay Scrophidanay &c. 

Another largo class of generic names is founded on proper names 
either of mythological or real personages, more especially distinguished 
botanists, to whom the genera are dedicated. Limueus drew largely 
upon classical mythology and legendary histoiy as a ready source of 
diverse names for the many newly defined genera he had to deal with ; 
and the names /ris, Arteniisiay A^naryUtSy Narcisstts, &c. stand dut strongly 
in their euphony from most of those founded on modem names ; such 
names, however, as Linfusay Ldbeliay X>*Wor<?a, Magnolia go far to rescue 
the principle of naming genera after botanists and their patrons from the 
opprobrium brought upon it by such as Schmnacheriay ScnweyckhertUy Ita^ 
soumomkiay EachschoUsiay and the like, ^d will probably be preferred by 
moat persons even to such characteristic ” names as Pteuroschismatypusy 
Oxystophylluniy Pachypterygium, Glischrocargony &c. 

In fi^e of these last, the pseudo-Latin barbarisms Tltea, Coffeeay Bam^ 
hmay which preserve the original native noqies of plants, become no 
longer uncouth. 
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320. Specific mmes arc always cither adjectives^ or siihstanUves 
used adjectivdij. When they are adjectives, they must of course be 
made to agree with the substantive ; and it may bo recalled to recol- 
lection that in Latin all names of trees are feminine^ whatever may 
be the termination. 

In the majoritv of cases, the specific names are selected on similar 
grounds to the generic?. Attempts arc very commonly made to render 
the name characsteristic, a proceoding which in many cases affords a 
certain advantage? ; but when, on the contrary, it is carried out in im- 
perfect ac(|iiaintauce with the species of large gen(?ra, it leads to con- 
fusion. Sometimes these names indicate the? character of the leaves, as 
in TiUa (frandifoUa ^nd parvifeiia, Mentha ratundifolia ; or the existence 
of a detinittj niimber^Qas in Platnnthera hifolia, Pans qnadrifolia, &c. ; or 
the character of the '^florescence, as Jitdomns nmltellntus, liromm rouic^ 
nwsm, &c. Or the habit ” of a species is indicat(?d by such adjectives 
as 7mjor, minor, pmillm, nanm, gracilis, scanilcns, &c. ; or its duration, as 
by annn-a, peretmis, &c. ; and in some cases c?oniparisons with other plants 
are marked, as in Rammcidns avonitifolius, Acer plafanoides, &(*. 

Generally speaking, the colour of flowers is too vaiiahle for spt^cifle 
distinctions ; but nevertheless many species are named from their usual 
or constant colour, as Gentiana lutea, Lamium aUnmi and pnrpureum, 
Digitalis ptiiparea, &c. 

Station, t. e. kind of soil or place inhabited by a plant, is another source 
of names, as arvemis (common on ploughed land), agrestis, hortensis (on 
cultivated ground generally), pratensis (in meadows), sgttesfris or sglva^ 
tieiis (in woods), ptSustris (in swamps), aqtmtkm (in or about water), and 
snUvm, a t(*rm commonly applied to kinds rcygiilarly cultivatt?d from seed. 
Most of th<'«je terms are applied vaguely, and a similar want of accuracy 
in the iin])lied idea affects many of tfie names founded j>n the places 
whore plants have been first observtid, such as Silvne gallica, Stachgs ger- 
•niftmea, Genista anglira, &c., noue of which arg peculiar to the countries 
named, though they may, in the first instance, have been considered to 
be^ so. 

Such names as odorata, snaveolem, fietida, (&c,, expressing marked 
qualities, were formerly much used ; and the adjective officinalis is found 
applied to a host of plants formerly valued by the horhalisis for some sup- 
posed medicina* or economical property. 

Substantive names used adjectively are mostly names of abolished 
^nera. retained in association with the now generic? tenm, as Rananeidm 
Plammula, Vh/rn^ Malm, Mairicana Chamomilla, Prnnns Cerasus, &c., — 
these old goneric terms being in a few oisc^s double, as Adiantum 

Capillus’-Veneris,''' Lgchnis ^^Flos^cneuli'^ &c. Or substantive proper 
names are used in the? genitive case, as Limmehnris Humholdtii, Vida 
NuttalUi, Galium VaUlantii, The dedication to distinguished persons may, 
however, be effected by adjectival terms, as Saluc i)miiana, &c., the use 
of the ^nitive noun being more strictly appropriate when it is the name 
of the discoverer or first describer of a species, the termination anm con- 
veying a mere compliment and not m^cessarily implying that the person 
to whose name it is afllKed. hud any thing to do wlt^L the particular plant 
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321, If the rules of scientific nomenclature were strictly enforced 
under the direction of a single authority, each plant would have but 
om name (composed of the generic and specific appellations), and 
this name would be iudissoliibly and unequivocally connected mth. 
the idea of the peculiar siMJcics. J3ut it happens practicidly that 
such is not the fact, and this tor reasons necessarily alfceting various 
cases. Not unfrequcntly it happens that a plant poss(?sses more than 
one spex^ijic name, which may arise from an author naming it a 
second time, through entire ignorance of its having been previously 
observed, or from, his erroneously supposing a particular form to be 
distinct from the already known and named species. Almost as 
frequently in the present day do we find a distinctly recognized 
species donominat(‘d by more than ono (jentrk na» ie, while the specific 
appellation remains the same, this ambiguity fv'ising from difference 
of opinion as to the limits of genera, and consequently as to the group 
to which particular species arc to be n^ferred. 

To ensure accuracj*, therefore, it becomes necessary, whenever 
the, name of a plant is mentioned in a scientific work, that the 
authority for the name (that is, the author who originated it, or 
whose peculiar application of it we ailoj)i) should be indicated. 
This is done by subjoining an abbriwiation of his name. Thus, 
Jiellis perennis, linn., or L. ; Imila Thnyra, DO. ; PtiUcana vulgaris^ 
Gaertn., sign^’' that we moan the species which were defined under 
those names oy Lmnocus, DcCandollc, and Gaertner, respectively. 
In like manner it is requisite, in the majority of cjises, where the 
name of a genus is mentioned, to indicate the authority, since many 
of the older genera of Linnwus and oihci’s liave been broken up into 
a number of groups, and the original name restricted to one of these 
more limited assemblages. 

322. The sui^rfinous or incorn^ct namijs which exist in many 
cases cannot be neglected where they have once acquired a certain 
currency, because a certain amount of existing knowlcdgt^ is con- 
nected with those names in the works of the wi’iters who have used 
them. Hence arises the necessity of enumerating the synonyim of 
plants. The citation of synonyms is of course unnecessary in 
general cases, where the names of plants are incidentally mentioned, 
BO long as the authority for the name is given ; hut in Systematic 
works, such as Descriptions of the plants of a country or province, 
or Monographs upon particular groups of plants, it is part of an 
author’s duty to ascertain and indicate all the names which have 
been applied to the particular forms, and the exact senses in uliich 
different names have been employed. The spionyms subjoined to a 
specific name may indicate : — 1, that the same species has received 
different names from different authors ; 2, that a selected specific 
name includes tSie several supposed or real species enumerated under 
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it; 3, that the species has been remoTed from a gouus to which it 
was formerly referred ; 4, that a particular view is takeu Loth of the 
generic and specific value of a plant concerning which opinions have 
varied in both particulars. 

The' following examples may serve to illustrate this : — 

1. The name Galium verum^ L., has simple priority, and there- 
fore preference over G, luteuniy Lamarck, indicating the si{>me species, 
which was accidentally or erroneously named by the latter author 
after linnceus had given it on appellation. 

2. Agrostis alhay L., includes A, compressa, "WJUd., A. giganteay 
Both, A. stoloniferUy L. (in part), &c. ; these latter have been mis- 
takenly separated from it or subsequently named without knowledge 
of the identity. 

3. Castanea vulg\nSy Lam., is now substituted for Fagus Cas~‘ 
tamuy L., as the genus Castanea is now regaidod as distinct from 
Fagus. In many cases we find a distinct generic name given as a 
synonym where it is really more recent, but is rejected in favour of 
the older on the ground that the more recent generic sopariili^m is 
not approved of; for imtancOy Ajgargta autumnaJiSy Willd. (Ojjorinia 
autumnalisy Don). 

4. Catabrosa aquaticay Bcauv., is named in diverse works Aira 

aquaticdy L., Moliuia agmika, Wibel., Foa airoidesy Koel., Glgceria 
aquaticay Presl, &c. ^ 

The multitudinous synonyms which fall under the last category are 
attributable to the excessive tendency of modern writers to multiply genera 
on slight grounds. Such minor subdivisions are far bettm* restricted to 
extensive, systematic works, on the plan adopted in DeCandolJe’s “ l*ro- 
dromus,” providing them with sectional names for the exclusive use 
of systematists, and preserving the more general name for common 
purposes. 

*323. The varieties of species are noticed in descriptive works 
when of frequent occurrence, and then are either simply indicated 
by the letters of the Greek alphabet, or have an additional adjective 
name like the species, which plan is especially followed in lists of 
garden varieties. In such cases cither the ordinarily occuiTing form 
is taken as the type, and the scries of occasional varieties begun 
with /3, as^ 

Samhucus nigrUy L. , var. /J. leaflets laciniated (Hooker & 

Amott). 

or, Samhuem nigra-y L. /3. virescens (fruit green). 

y. levcocarpa (fruit white). 8. lanniatq (leaflets laci- 
niated). €. variegaia (leaves with white streaks), Koqh. 

Or if the species is variable and no one form is considered typied, 
the scries begins with a, thus : — 

Fedia deniata (Hooker & Amott). — a {Vederianella Morin 
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sonii, DC.). /? (Fedia mixta^ Vahl). y (Fe- 

dia eriocarpa^ llo 0 m. & Sch.). 

The nomenclature of cultivated plants is fruitful in examples (•£ named 
varieties in large numbers belonging to particular species, such as Clarkia 
pulchetta alhuj U, ptUcheUa rusea^ &c, &c. , but these names are often applied 
without scieutihe exactitude. 

324. Hybrids axe named according to certain rules when they occur 
frequently wild or, if obtained artificially, when they are propagated 
by cuttings, bulbs, &c. The names of the two parent species arc com- 
bined, thus : — Verbascum tiigro^LychnitiSy a hybrid between F. nigrum 
and V. Lychnitis, With regard to artificially produced hybrids, it is 
possible to indicate the parentage with more accuracy, and the name 
of the seeding-plant stands before that which -yields the pollen, as 
AiimrylUs vitUdo-reginre, the form produced when the ovules of 
A. viitata are fertilized by the pollen of A, reginasy and vice versa. 
^\^lere a plant is known to be of hybrid origin, it is a good plan to 
indicate the fact by prefixing x to the name. 

325. The nomenclature of the groups above genera is of less im- 
portance than that of genera and species, and is. dealt with more 
independently by individual writers. Artificial groups are generally 
named from the character on which they are founded, as in the 
case of the Linnean classes and orders, which wUl be explained in a 
subsequent scolion. The same is the case with the artificial divisions 
which are used in most ^^^tftural Arrangements for conveniently sub- 
dividing large assemblages of Families or Orders, such as Thalami- 
florie &c. of De Candolle, FolypeUdve <fec. of Jussieu. But as the 
essence of the Natural AiTaiigement of plants lies in the combination 
of forms according to the majority of points of likenesB, or general 
character, we are not necessarily restricted by any definite character 
in the selection of the name ; and in regard to the Natural Ordciia, 
great diversity of pidnciple has prevailed in the application of the 
names, and even considerable latitude in the form given to them. 
There exists, however, one nilo applied in all Latin naming of what 
are termed Natural Orders : the word jAantce is understoody and an 
adjective name agreeing with this represents the group. In existing 
systems we find these adjective names founded sometimes^ on a pre- 
valent character in the fujmly, as (plantse) Logumifiosse, Coniferaj, 
TJmbeUifero), <kc. ; sometimes on the names of typical genera, as 
llosacese, Solanacem, Convolvulace® ; sometimes on an existing 
general name derived from common language, as Graminacem and 
Palmacese. A difierence of termination exists even in regal'd to the 
same word in difierent authors ; thus, one author writes Cistincae, 
another Gistapeee, with the same meaning ; while others use the word 
AroidesG in preference to Aracesc, or Palmac in preference to Palmacese. 

Attempts have been made to reduce all l£ese names to a system, 

I 
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and to preservo tHe same form of termination for groups of the same 
value. Thus it is proposed to make the names of all Orders end in 
OfCecBj like Hanunculaccsc, Ericacco}, 4&;c., the only objection to which 
is the necessity of discarding many familiar and well-established 
names, and replacing them by strange ones, as Apiacca) for Umbclli- 
fenc, Fabaccao for Leguminoso), &e. “ Classes ’’ or “Alliances ” again 
are made alike by using the tenninal form -ales : as Glnmales, instead 
of Glumaccaj or Glumifcric, for the group composed of the Orders with 
a glumaceous perianth, Ac. 

326. A fixed rule does exist among all modern >^riters in the deno- 
mination of suborders or tribes into w'hich Orders arc divided ; for 
these are founded qn typical genera, the names of w^hich are made to 
furnish adjectives t»y the substitution of em for the last vowel and 
whatever may follow it : for example, in the Order of the llanuncu- 
lacesD, we have the tribes Anenionece from AnemonCf Banwieulecp from 
Jiamincidus, Uellehorece from Iltllehorus^ &c. ; and in botanical works 
these names of tribes arc commonly printed in iUxlks like tliose of 
genera and species, while iho names of families and all above them 
are printed in roman letters. 

The names applied to the^ larger divisions of the Vegetable King- 
dom in Natural Arrangements arc generally made as characteristic as 
possible ; but, as wiU be shown in the Section on Natural Arrange- 
ments, none of the single characters of such groups are absolute, 
and therefore no name founded on one character can bo universally 
descriptive. Thus the name Monocotylcdoues is applied to a most 
natural group, in which are, however, included one or more Orders, 
as the Orchidaceao, in which the embryo has no cotyledons. And it 
may be said tliat to an advanced student it is far more beneficial to 
regard all names os abstract signs, used rather to indicate certain 
plants or groups of plants with which he is acquainted, than as 
expressive of the characters of the plants to which they are applied. 

These observations on the nomenclature of the Orders and higher 
groups of plants are placed here ibr the sake of connexion with the re- 
mainder or the subject r,. but they will be better appreciated after acquaint- 
ance is made with the illustrations of them in succeeding Sections. 

Sect. 3. Sescbiption of Plants. 

327. It is the buMness of every botanist who distinguishes and 
names a new species of plant to furnish an exact statement of the 
characters by which it may be recognized by others. 

The most comidete fuMment of this requisition is supplied in 
what is termed a description of a plant, in which is given a detailed 
account of the external form, the arrangement, and relations of all its 
organs, according to a fixed plan, and in a fixed language, furnished 
by the terminology made use of in Morphology. 
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In order to impress upon the mind of the student the principal points 
to he looked to in desenhing a plant; and thus to ensure completeness and 
accuracy of observation, we subjoin a list of the more salient characteristics 
which it is desirable to notic^e in writing a full description of a plant. 
Some of these are of much greater importance than others, inasmuch as they 
alford the means of grouping plants into genera, orders, &c., and’ furnish 
wt'.tt are called diaffnogtic characters. From their great importance, much 
stress is dtiservedly laid on them ; hence^ after enit^meratiug the principid 
“ chai*acb*,rs ’’ necessary to be ascertained in drawing up a full description, 
we shall insert illustrations of the schedules ” introduced with so much 
success for teaching-puriioses by the late l*rofessor Ilenslow, in which at- 
tention is drawn sohdy to those points of special importance. 

It must also be borne in niina that the terms used are. such as are in 
general use, and are to be taken in iJieir conventional sense, and not as 
neciissanly expntasingtlK! exae;! truth : thus, as has already been explained 
under the head of Aloi*phology, when we say that one organ is inserted 
into another, it would be more comict to say that the oni) emerged from 
the other ; in the same way many cases of so-called cohesim and adhesion 
are shown, by the study of the progressive development of the flower, to 
be gather cases of imperfect se.paration than of union of originally distinct 
organs. 

In describing a plant fully, a commencement is made with the root, 
from wliich we proceed to the stem, leaves, inflorescence, flowers, and, 
Anally, the ripe fruit and seeds. 

In the case of the root the principal points to be looked to aro : — ^flrst as 
to its naivre, whether true or adventitious ; then, in succession, its fornij 
diredionf size, degree and mode of ramification, duration, consistence, sur^ 
face, colour, &c. Similar remarks apply to the stem and its modifications. 

Leaves r(>quire first to be noted as to WiQir position, radical, cauliue, &*€. ; 
insertion, stalked or sessile ; possession or deficiency of stipules ; arrange^ 
ment, alteraate, opposite, &c. ; composition, simple or compoimd ; direction, 
duration, texture, colour, and surface. The blade of the leaf must then be 
described as to its ifenerid form, ouiline, base, apex, margins, mode of vena- 
tion, size (especially in relation to the sbilk, if present). The subdivisiom* of 
a compoiiiiu leaf must hi} treated in the s^ie manner as simple leaves. 
The jtetwUi or leaf-stalk lias to bo nested aft to its fomi, surface, relative 
size, &c. Stipides, as fai* as practicable, should he described in a similar 
manner to the leaves, as also should, mntatis mutandis, the leaf-buds. 
In their case, as also in tlie case cd flower-buds, the mode of vernatim, or 
of (estivation, as the case may be, should he ascertained and recorded. As 
regards the inflorescence, the principal things to he conri^ered are its 
pos^ion, direction, relative size as compared with the leaf, nature (definite 
or indefinite), number of flowers, duration. 

The^oieTcr-s^oZ/ics follow the same rule as the leaf-stalks; but particular 
attention should be paid to the top of the fiower-stalk (the thalamus) 
to see whether it be nat, convex, or concave. The bracts exe described in 
the same manner as the leaves. In the case of the calyx and corolla, 
attention should he directed to their construction (cohesion), relative posi- 
tion (adhe8ion),ybrm, direction, colour, venation, surface, size, absolute and 
relative, durhtion, odour, &c. 

Individual sepals ox petals should he described in the same way as the 
leaves. 

i2 
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Stamens should he described with reference to their imertimi (adhesion'), 
cohesion (free or united), nnmh'Tjpo^ition^ arrawjem&nt^eize (with refereiK^e 
to one another and to the othcu* parts of the llower). Filame}d8 present 
similar characters to those oflered by the leaf-s^llcs, and are described 
accordintjrly. Anthers require atttmtibn as to tlieir /orm, mode of attach- 
ment to the filament^ shape and number of their lobes, their mode of deJm- 
cence, colour, mrface, the form and peculiarities of the connectiee and of 
any appendages that may be present. The fonn, colour, and distinctness 
or cohesion of the poUen-graim should^ if possible, be stated. Tliis is not 
always practicable unless recourse be hacl to the compound microscope, 
when otln‘r peculiarities, then visible, should be uoted,»as will be further 
explained in the section on Physiolojry. 

After the stamens, the characteristics of the dish, if present, should be 
noted, and then those of the pistil as follows : — number of th(j constituent 
carpels, their isolation or cohesim and arrangement, their adhesion and rela- 
tive position, fonn, cat'^ifies, partitums, and mode of placetdaiion. Tbi* styUs 
require to be noted with i*efei*(mce to their imsition, number, size (relative 
and absolnte), form, surface, colour, &c;. Similar remarks apply to the 
stigma. The ovules dirfer in their position, mode of attachment, numher, 
ffirni, &c. The fruit follows the same rules as the pistil ; but, in addition, 
the terture, mode of dehiscence, and number of seeds must be noted. 

Seeds arti described much in the sani(» wav as ovules, takin*^ care jot 
to overloiik any of the peculiarities pwisented by the coverings of the seed 
in the way of liairs, scales, arils, and the like : tm^ interior of the seed also 
requires special attention, to see wheth(?r or not it be albuminous or e.valbu- 
minousx if the former, the nature and quantity of the albumen should be 
noted; and in any case, where possible, the position, direction, size of 
the embryo and Its parts, the nature and number of the cotyledons, &c. 
should be accurately ascertained. 

Ill the above remarks we have had in view a coniphite or nearly com- 
plete description. The student is recommended to lake any plant he 
meets with, and endeavour to draw up a description of it -with refeiunce 
to the fortifjoiiij^ sirlu^me. In this manner he will familiarize himself with 
the, main points of <Iilference between one plant or orpin and another, and 
will learn to apply the a])propriate tenn to each modificalitjii. 

The subjoined description of the common white Ikiad-Nettle {iMmium 
album) is J^ven as an illustration of a tolerably complete dcs(rription of 
the extt»mal peculiarities of a plant; it may serve as a model to the 
student in drawin|r up similar descriptions. It is, however, advisable that 
he do not attempt too much at once^ A had or careless description is 
almost worse than none at all ; hence the bopfinner is recommended to 
make himself pretty thoroughly acquainted with the peculiarities of s^jeh 
organs as are most easily studied before passing on to organs such' as 
ovules &c.. which require some considerable practice before their structure 
and chai'octeristic featm'es can he ascertained. 

Lamium album . — ^A rather coarse hairy perennial, wdth a shortly creeping 
stock, from the joints of which, especially on the lower surface, proceed at 
intervals numerous slender, iihrous, brownish roots. SU'ms 1-2 feet high, 
herbaceous, decumbent or ascending, fistular, four-sided. Ijcaves exsti- 

E ulate, ophite, stalked, the u])pHr ones nearly sessile, membranous, 
airy, ovate-acnite or acumiimte, cf>rdnte, coarsely and irregularlv toothed, 
unicostate, arch-veined, inches long, 1-2 inches broad. Petiole less 
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than half the length of the blade, channelled on the upper surface, rounded 
beneath. Flowers pure white, sessile, in axillary cymose whorls (verti- 
ciUasters) of Ci-lO or more. Cahfx campanulate, of 6 sepals, united below 
into a tube traversed by 10 ribs ; limb divided above into live nearly equal, 
spreading, linear, ciliated segments, of which the upnermost stands "^i^tlv 
apail; from the others. Corolla white, tubular, biiaoiate, twice the length 
of the calyx : tube curved, ventricose, as long as or longer than the calyx, 
scabrous fiiside, with a ring of liaim near the base ; upper lip erect, concave, 
notched, hairy on the outer surface; lower lip spreading, 3-lobed, thtj 
middle lobe broad and :2-Iobod, the two lateral ones smaller and pointed. 
Stamms 4, didynaiiious, epipet^ous ; Jilanwnts dowmy, springing from th(' 
upper part of the tube of the corolla, partially concealed within the upper 
lip. innate, 2-lobed ; lolies superposed, oblong, blackish, introrse, 

dehiscing longitudinally; eminedive covered with white hairs. PoUen 
yellowish white. Ormy small, truncate, 4-lobed, 4-celled, encircled at 
th(* base by a pale gre(‘n, cup-like disk. Omles solitary in each cell, ana- 
tropal. single, basilar, thread-like, as long as the corolla, termi- 

nating in a 2-lobed stigma ; lobes of the stigma short, oblong, pointed. 
Frnit of four, or fewer by abortion, 1-celled, 1-sceded, indehiscent, blackish 
shilling lobes or achent*s. Seed* solitarj', erect, inverted, exalbuminous. 
Fmbrtfo straight ; cofi/ledons large, plano-convex ; radicle short, inferior. 

828. Such descTiptions arc now usually given in a modem language 
when occurring in works descriptive of the plants of particular coun- 
tries &c. Ill genoi iil systematic works, or in isolated notices, pub- 
lished in periodicals or Transactions, the Latin language is usually 
prefern^d. 

3211. Betailcd descriptions aro commonly given only where new 
8pe(*i(?s are estaldislied, or when an unctertain nomenclature is to be 
made clear and definite, in a monographic or a general systematic work. 
The classification of plants into genera, families, &c., in the Natural 
System, renders the rejietition of the jicciiliar marks of these groups 
unnecessary in the? characterization of the subordinate groups or forms. 
For this reason, characters and diatjnoses commonly replace the com- 
])lete descriptions of species in ordinary descriptive botanical works, 
since, as the charactijr of the genus includes those peculiarities of the 
floral organs which aro common to aU its species, and which con- 
stitute the bases of the genus, it is only requisite to connect with 
each species the character by which the species fire distinguished from 
cacj^ otiier. 

The following condensed description of the white Dead-Nettle, from 
Btmtham's ‘ Tlandbook of the liritisn Flora,’ will show how, when the cha- 
racters of the order and gi*mis are known, a faithful portrait of the species, 
and one comprising the most conspicuous fesatures only, may be drawn, up. 
“A rather coarse hair}' peremiial, with a shortly creeping stock, and decum- 
bent or ascending branching stems, seldom above a foot high. Jicaves 
stalked, coarsely crenate. blowers pure white, in close axillary whorls of 
(i-10 or more. 'Oiilyx-teeth fine, long, and spreading. Tube of tiie corolla 
curved upwards, and longer than the calyx, with an oblique contraction 
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near the base, corresponding with a ring of hairs inside ; the upper lip 
long and arched ; the lateral lobes of the lower one sliglitly prominont, 
with a long fine tooth.” Then follows an account of the; Htation in which 
the plant is found, and of its geographical distribution throughout this 
country and the continent. 

330. Having gfdned a general idea of what points are to be looked to in 
drawing up a description of a plant, and having acquired a ftuniliarity with 
the meaning and application of tei-ms, it is particularly desirable that the 
student should be able to form an estimate of the relative value and impoH- 
ame of characters for practical purposes ; for instance, thostj characters 
which serve to identify luid distinguish large groups ofiplants are of more 
consequence than such peculiarities as pertain merely to small gi'oups, or 
to individual plants. With a view to fix the attemtion on the more im- 
portant or cardinal characters, those which arc of most use in drawing up 
a diagnom of ajilant or of a group of plants, a form of sch(?duh.» is given ; ana 
the pupil is recommended to make similar ones for himself, and by their aid 
to draw up an account of the more important characters of any ilowers he 
meets with, checking them and comparing them with the descriptions 
given in books, or with the instructions of his tutor. Those schedules should 
^ kept for comparison with others relating to other plants : and by /this 
method a practical insight into ])1ant-coustruction. and the relationships 
of one plant to another, may lie niorcj speedily and thoroughly obt^ed 
than by any other means. Ino schedules here inserted by way of illus- 
tration filled up from a Common Buttercup {Ranuncidm), and 
from a Dead-Nettle i^Laminm), The characters tlu^reiri given are suffi- 
cient to enable the student to determine tlie orders to which the plants 
belong, 'which is the first and most important consideration, but they are 
not suilicieiit to indicate the genm, still less tbo pariicular species. To 
discriminate these minor groups, recourse must be had to the other pecu- 
liarities presented by the plants in question, as bcfoi*c detailed. 



Organ. j Number. j Isolation. j Insertion. | Coliesion. I Adhesion. Symmetry. 


SSSCBIPIION or PUHIB. 


176 



I syncarpous 












176 


SYSTEMATIC BOTANY. 


331. The generic eluaracter is perhaps tae most important element 
in Systematic Botany. It should contain a short description of the 
peculiaTitics of the group, so as at once to characterize this ais it 
exists in itself, and to furnish the means by which it may bo distin- 
guished from all other genera belonging to the same division of the 
Vegetable Kingdom. That is to say, for a genus of Plowering Plants, 
the character should contain all that is ncccssar}’’ to distinguish a 
given genus from all other genera of Dicotyledons, or of Monocoty- 
ledons, as the case may be. The following example of the character 
of the genus Campanula, Linn., as given in Endlicher’s ‘ Genera 
Plantarum,’ will illustrate this : — 

“ Campamda, Linn. Calyx with an ovoid or subspherical tube adherent 
to the ovary, the limb superior, iive-tootbed ; the teeth either dat at their 
margins or aeeurrent into lobes overlying the sinuses. CoroUa inserted 
at the summit of the tube of the cAlyx, more or less campanulate, dve- 
lobed or live-toothed at the apex. Stamens five, inserted with the corolla ; 
filaments broadly membranaceous at the base, and, with the anthers, free. 
Ovary inferior, throe- or five-celled ; cells opposite the lobes of the calyx. 
Oml-es numerous, on placentas projecting from the central angles of" the 
cell, anatropous. Style covijred with quickly deciduous hairs; stigmas 
3-6, filiform. Capsule ovate or turbinate, »‘{-6-ciilled ; cells biusting near 
the top or bottom by a parietal valve tuming upward. Seeds numeroiu:, 
mostly ovate, flattened, more rarely ovoid and very smalL Embryo 
orthotropous, in the axis of fleshy albumen ; cotyledons very short ; radicle 
next the hilum, centripetal. 

Perennial or annual herbs, sometimes low and tufted, sometimes erect, 
tall, many-flowered, diffused through all the temperate and cool regions 
of the northeni hemisphere, forming a great ornament to meadows and 
groves ; radical leaves very often laiger and more obtuse, with longer 
stalks; stem -leaves alternate, varying; flowers mostly stalked, racemose, 
rarely spiked or in clusters, very often rather large, blue, or sometimi*s 
white? in the same species.” 

332. The first paragraph here contains the essentml character of the 
genus ; the second paragraph is a description of the general characters 
of the species belonging to it, which is usually appended to such 
complete generic characters. 

^ It will be observed that this generic character not only enables us to 
distinguish plants belonging to this group, but describes the genus so fully 
that we become ‘acquainted with all its important peculiarities, while, 
being drawn up irrespectively of any Order, alliance, or class, it is equally 
available as material for any Natural or Artificial classification of Flower- 
ing plants founded on the floral organs, since it contains the information 
requisite for' ascertaining its relations. 

333. .The dimpwsis of a genus is more limited in its nature 
and purpose. It is used, when genera we described under fixed 
systematic heads, simply for distinctive purposes ; and it is there- 
fore confined to denoting what is absolutely necessary for this pur- 
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y)ose. Thus, in Labington’s ‘ Manual of British Botany,’ tho genus 
Campamihi occurs under the head of tho Order Camy)anulacoa>, the 
character of which includes much of what is given in the generic 
character of Campanula^ above cited; so that it suffices for the 
distinction of Campanula from its allic^l genera to give the following 
brief abstract, or diagnosis : — 

Campamda. Calyx *')-pai*ted. Cor, mostly bell-shaped, xvith o hroad 
and shallow sogmtMits. Anthers free; Jilaments dilated at the base. 
tStigma ^^“*'3-tid. HVtpsnle not elougat-cid, .‘l-o-colled, opening by lateral 
poros outside tho sognients of the calyx.” 

J1J54. It is seen at once that this diagnosis fails to furnish the 
complete nolion of the genua which is obtained from the character, 
and that it dcKvs not suffice to indicate the position of the genus, eith(*r 
in a Natural or Artificial classification. On tho other hand, for its 
own especial j)ur 2 ) 0 S(', that is, of indicating the distinctions between 
alli(Ml genera, it may be even still more reduced, as is often done in 
works describing the plants of a limited distriert, wh«?re only a few 
genera occur in the Natural Order; for exjimple, we might give 
diagnoses of the British genera of Campanula(‘ea) in this way — 

A. Corolla rotate, sognieiits linear; anthers cohering at the base. 

1. Jnsione. 

Corolla rotate, with linear segments ; anthers free. 2. IVixff^uma, 

B. Corolla mostly bell-shaped, with hroad and shallow segrnents; an- 

thers free. 

Capsule not elongated, opening by lateral pores outsidt^ the seg- 
ments of the calyx 8. Caxnpamda, 

Capsule linear-obloug, prismatic, opening by lateral pores be- 
tween the scgiiKTits t)f the calyx 4. Specularutt 

Capsule half-superior, opening by ^5-5 valves within the q,eg- 
inents of tho calyx 5. WahletHbergia, 

335. Tho specific character of a plant should contain all the con- 
stant distinctive po'^uli antics of a si)ocics. On the one hand, it will 
exclude the generic cbaracti'rs which ally it to other species of the 
same genus ; on the other, it should exclude the inconstant cha- 
raetcjrs w'hich distinguish its own varieties. But the character of its 
ordinary varieties, if such exist, may be given in ti supplementary 
jiaragraph, like that appended to the fuU generic character. The 
distinctive charaettirs of species arc usually found in the organs of 
vegetation, as the root, stem, leaves, bracts, and infiorescence, or in 
the habit or duration of the plant. Tho floral organs mostly only 
give specific characters in their less important peculiarities — as in the 
shape and relative magnitude of tho petals, the external characters 
of tho fruits and seeds, &c., — the more remarkable peculiarities being 
of generic value. Tho supplementary notices appended to the strict 
character of the species generally relate to the ordinary dimensions of 

i5 
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the plant, the colour, taste, smell, &c. of its organs ; these are the 
mar]^ by which the varieties are usually characterized, as will he 
seen by referring to any catalogue of varieties of the ordinary culti- 
vated vegetables. 

336. Linnaous laid down a rule, that every specific character should 
be confined to twelve words ; but, from the increased number of 
species discovered siuc(» he lived, it is no longer ijossible to follow 
this nile in all cases. In recent systematic* works the characters of 
spe(?ics have often been given at inordinate length, «aiid in a manner 
greatly transgressing the other more important rule, tliat thej' should 
contain no character that is not to be found in all perfect specimens 
of the plant. The sy)eeific character will necessarily vary in length 
according to the richness of a genus in species, some containing 
many hundreds, while others comprise but a single on(‘. 'When the 
genus contains but a single species, as the Hop (Jiumuhtjs Lapulus)^ 
the generic character alone suffices for distinguishing it ; but a s])ecifie 
character is even then given with advantage, indicating points which 
are not included in the strict generic character. Where a large 
number of species exist, the genus is generally broken u]) into artificial 
sections, characterized by some mark occurring regularly in a certain 
number, which are thus placed under one head: this saves the 
necessity of repeating that character for each species. It is also 
common in modern works to combine a diagnosis with the specific 
character, by marking in italics the especial distinctive marks of each 
species occurring in a particular group. 

The folknving examples will make this mom clear : — 

only SIX species are described in He Candolle’s n^rodromiis,’ 
being all that were known in 1 844. The specific character of the common 
liilac, SyriMfa vulyaHs, could thus be given in a few words : — 

“iS. vuhjaris, Ij. Leaves cordate or ovato-cordate, q^uitc smooth and of 
even colour ; limb of the corolla subconcave.” 

Four varieties are cliaracterized, chiefiy distinguished by the colours of 
the blossoms. 

Turning to the genus Campanida in the same work, wo find no less 
than 182 species. Being, a very natural genus, the species are kept toge- 
ther under One generic name, but, for convenience, tney arc arranged in 
sections and subsections. Thus fifty-eight of them are characterized by 
the presence of appendages on the sinuses of the calyx, such as we find in 
the gpden Caiiterburv Bell (Campamda Medium) ^ while the remainder 
^ without these. iTie second section, of 124 speries (among which are 
included all our native kinds), is further divided into subsections, cha- 
nuiterized principally by Uio peculiarities of the capsule, and these, again, 
into groups according to the kind of infiortseene& &c. ; so that when we 
come to the specific character itself none of these points have to be re- 
peated, and the definitions, are restricted within very narrow limits, as for 
instance : — 

C. rotundifoUa^ L. Badical leaves stalked, cordate, rounde^ crenato- 
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dentate ; stem-leayos linear or lanceolate ; teeth of the calyx awl-shaped^ 
erect, one-third the length of, the bell-shaped corolla/’ 

In a work devoted to a limited flora, as that of Britain, where there exist 
only eight specnt's of Campanula, we may adopt the sectional divisions, 
aim limit the spt?cific character as above, or give a longer character, in- 
clivling the marks of the sections ; the latter plan is the better, where 
space is not an object, since it malies the character itself more instructive. 
Thus, in the ^ British Flora,’ we find — 

C. rotumlifolia^ L. Glabrous ; root-leaves siibrotundo-cordate, crenate 
(very soon withering), lower caiiliue ones lanceolate, upper liuear entire ; 
flowers solitary or ractunose, drooping; calyx-segments subulate; capsule 
drooping, with the clefts at the base.” 

In Babington’s 'JSlaniial,’ on the contraiy", w-here the subsections 
founded on thti capsule ar(i jidopt(?d, this mark is omitted in the essential 
character : — 

“ C. rotmuUfoHa, L. Ihtdioal haves cordate or reniform, shorter than 
their stalks ; stem-lmves linear^ the loweT ones lanceolate ; jUmers one or 
morcy racemose ; corolla turbinafij-campanidate. — Stem (v-12 inches high. 
Radical leaves soon vanishing; corolla blue; calyx-segments linear- 
subulate.” 

This example further illustrates the method of giving a diagnosis at the 
same time, by iialidzlng the characters by which the species is distin- 
guished from its nearest allies ; it also shows the manni^r in which expla- 
natoiy or d<*8criptive notiet^s are jidded in a supplementary paragraph to 
the essential siJecitic character. 

337 . Lastly, if wc have to deal with a limited number of species, 
such as the British Bcll-flow(^rs, to which we have just referred, we 
may, for simple j)Ui’i)oses of distinction, constnict a diagnostic table, 
like that above given for the genera of Campanulaceae. 


Flowers sessile, in terminal or axillaiy clusters ; cap- . 

sule sessile, erect, with the pores at the base . . C, ghmeratu. 

Flowers in racemes or panicles ; capsule stalked. 

C^sule nodding, with the pores at the base. 

* Flowers in a unilateral raceme, segments of 

calyx ultimately reflexed C. rapunculoides. 

Flowers racemose, segments of calyx always 
erect. 

Peduncles 1-flowered C. latifolia. 

Peduncles 2-3-flowered ...... C. TraeheKum, 


Flowers on long slender stalks, solitary, or in ’ 

a lax few-flowercjd corymbose raceme . . C, rotundifolia. 

Capsule erect, with the pores just below the 
segments of the calyx. 

Segments of the calyx entire. 

Sements of the calyx lanceolate, raceme 
few- flowered, or flower solitary . . . C. persidfolia. 

Segments of the calyx awl-8haped,flowers 
m an erect racemose panicle • . . . C. Maptmculus, 
Segments of the calyx toothed at the base ; 
flowers panicled, erect, on long stalks . C. patula. 
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338. A few of the general rules observed in writing descriptions 
of plants may be mentioned here, as explanatory of certain techni- 
calities which will be met with in systematic works. 

339. The generic name is always commenced with a capital letter, 
while that of the species is usiijdly written small ; but we find in 
most books a capital letter to the specific name, 1, whore this name 
is the appellation of another existing or suppressed genus used adjec- 
tively, as Aymmonia Eitpaioritmi, Mentha Pideffium, &c. ; 2, where 
the specific name is formed from a proper name, cither as the genitive 
case of a substantive or in the adjective form, as in JSdrpus Savii and 
Gareev Davallunia. Specific names derived from countries are now 
usually written small, as Sihne anyllca. 

340. When a generic character is written in Latin, the organs arc 
all put in the nominative case ; in a sjx^cific character they are jnit 
in the ablative. 

341. When describing a species, it is usual to subjoin its habita- 
tion {Habitat) — that is, the nature of the places in which it is usually 
found, such as “Woods,” “Dry hilly places,” “ Itivers,” &c. In 
general systematic works the native country or provinct) is stated ; 
in works relating to limited districts, special localities are given for 
rare plants. 

342. The following marks and abbreviations arc commonly in use 
to indicate certain other points : — 


^ or A =an annual plant. 
^ ) or B =a biennial. 
orB = a perennial. 
Sh=a shrub. 

T =atrce. 


cJ, a male flower. 

2 , a female flower. 

an hermaphrodite flower. 
(5 2 j monoecious plant, 
cJ - 2 ^ dioecious plant. 


The time of flowering is indicated by numbers, referring to the 
months, as 6-8 or vi-viii=Junc to August, &c. 

Many other signs are met with in Systematic works, but they are very 
often used hi diilereut senses by different authors, so that no general ex- 
planation of them can be given ; moreover the sense in which they are used 
18 generally explained by the author. 
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CHAPTER II. 

SYSTEMS OF CLASSIFICATION. 

Sect. !• Artificial Classification of Plants. 

343. An arrangement of all known species of plants in a series of 
classes constitutwl ii])on certain fixed principles, forms wliat is termed 
a System of Vcfretablcs. 

It beloiiffs to the history of Ilotany to describe the numerous Systems 
which hiiM! be(!ii broiij^ht "forward, at Tarious pijriods, for the double pur- 
pose of freneralizinff acquired facts, and of facilitatinjjf the diftusion of 
botanical Imowledprc; by rcauhuinf^ it possible to recognize plants which 
have already bt'en described. In this work it is necessary to confine our- 
selves to a brief roferenco to some of the most im2)ortaiit of the Systems 
which have attained general currency. 

344. The classification of plants by generalization, the Synthetic 
or Natiirjil ^Method, is adopted in all cases in forming the groups of 
the lowest rank, namely Ge^iera. These are established by the com- 
bination of a number of allied ‘^jiccies under one name, on account 
of their affinities; and, as we have already mentioned (§ 332), the 
same genera are used in all Classifications. 

From this point Systems diverge. The Natural Method is pursued 
furtlier on the same princiidcs of generalization, where the object 
is to systematize accpiircd knowledge, and mark the agieemeiits 
among plants. Where, on the other hand, it is chiefly d(?sired to 
mark out the difTcrcnces of idanis, in order simply to their easy 
recognition. Artificial Methods are resorted to, which" arc carried jaut 
by a principle of analffsi.% whereby the whole mass of known forms 
aro taken and gradually parcelled out into Classes, Orders, &c., accord- 
ing to their agreement or difference in certain fixed characters. 

Most of the older systems were more or less Artifieijd, the earliest 
commencing with tlie division of plants into Trees, Shrubs and H(.*rbs, 
Land-plants and Water-idants, and the like. An advanees were 
made, organs of more and more importance were ehosen to furnish 
characters ; and wo find plants subsequently classed by their corollas, 
by their &c. ; hut in none of the systems proposed before the 
time of Linnseus do we find one given principle carried out through 
the whole. 

345. When Linnaeus entered upon his wonderful lahours,'there lay 
before him a mass of information in a very crude and unmanageable 
condition. His reforming genius introduced order, in the first instance, 
by the substitution of short fixed names f&r species, on the binomial 
plan, by the definition and secure establishment of imperfectly cha- 
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ractcrizcd genera and species, and then advanced to the necessary 
task of arranging the genera so as to render them recognizable. The 
artificial methods founded on the floral envelopes &c. had proved 
inefiieicnt ; and therefore he turned to the essential onjam of flowers, 
the physiological importance of which he himself contributed greatly 
to establish. The selection of these organs resulted in the formation 
of an Artificial System in which a fixed principle is regularly carried 
out, and which, from the physiological importance of the characters 
employed, approaches in certain of its coordinations to a natural 
arrangement. 

Until the establishment of a time principle for natural Classification, the 
materials for whicii accumulated rfipidly under the influence of the Ijin- 
nrean System, the latter received almost universal acceptance ; and it is 
still retained by botanists as a valuable key to the recognition of gen(»ra, 
especially by beginners in the science. On account of its own import- 
ance, therefore, and os the best example of the Artificitil Method, a brief 
explanation of it must be giveu in this work. 

346. ffpecies and Genera (§§> 308-313) form the foundation of all 
Systems. The object of the Linnacan System was to arrange genera 
in groups characterized hy simple striking marks, so that the exist- 
ing description of a given plant might bo readily found, or the de- 
scription of a new plant might be placed where it would be easily 
referred to. Such marks Linugeus obtained in the e.^sential or sea^iuil 
organs of plants (in flowers, the stamens and pwtife), whence his 
System is sometimes called the Sexual System. The highest or most 
generjil groups, which he called Chssesy are founded on the con- 
ditions of the stamens. These Classes are subdivided into Orders, 
founded cither on the conditions of the pistils or upon secMtdary cJia~ 
racters of the stamens. The Orders include the Genera (in large 
Orders grouped into sections according to various artificial cha- 
racters). 

The Linnsean Classes are twenty-four in number, of which the 
first twenty-three include all Flowering Plants : the twenty-fourth, 
Cryptogamia, including all Flowerless Plants, was a chaos when first 
established, and its subdirisious were not then definable by single 
characters. 

The following Tables exhibit the main features of the Linnaean 
Classification. The technical meaning of the names applied to the 
Classes has been explained already in the First Book, in the sections 
on the Morphology of the essential organs. The few technical names 
of Orders requiring special explanation are noticed below. 
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Those Synjafenesious plants which have solitary flowers, such as LoMwy 
Violay &c., are placed in the Order to which the number of stamens refers 
them (here Pentandria) ; so that the Class 19 corresponds exactly to the 
Natural Family of Composita^. 


The Ltnn-ean Ordebs. 


Classes I. to XIIT. 

The Orders formed 

1 pistil 

2 pistils 

* 1. MonogjTiia. 

2. Jligynia. 

3. Tingvnia. 

according to the 
number : — 1 , of 

4 

5 



4. ToAragvnia. 

1). Pentagvnia. 

pistils when those 
are distinct ; or, 2, 

0 

7 



>.* 

(). Hexagynia. 

7. H(;plagyiiia. 

of styles of com- 

8 


8. Octogyiiia. 

pound pistils ; or, 

3, of the stigmas 
when no stylo 
exist. 



10 „ 

11-12 

More than 12 

0. Enneagynia. 

10. Jlecagynia. 

11. Dodecagvnia. 

12. Polygynia. 


The termination is here used to express pistils &c., as --andna is 

to express stamens in tht! Classes. The Orders above p^von do not exist in 
all the Classes, mostly only tlio flrst two, tojrether with one or other of the 
i^est, in which case the ordinal number is modifled ; for instance, if no Tri- 
jjynia or Tetra^ynia exist, and Pontagynia does, this will follow Dijrynia, 
and become the 8rd Order, 


Classes XrV. & XV. J Naked-seeded . . 1. Oymnospermia. 

The Orders formed [ ^ ' | Covered-seeded. 2. An^dospermia. 

from the coiidi- ( Tetrady- j With silieules. . 3. Silicnlosie. 

tion of the fruits. J namia. ( With siliques . , 4. SiliqiiostB. 

The term Gyninospermia, used in the 14th Class, was founded on an 
erroneous idea of the fruit of Lahitdce, Hifratfinmem, and other families, 
which consists of a carcendm (§ 270) of four hard achcenia, regarded by 
Linnaeus as naked seeds; while the Angiospermia included the plants 
with a capsular fruit. The terms SUtcida and SUiqm are explained m the 
description^ of fruits (§§ 274, 275). 


ClaBsesXVT.,XVII. 

& xvni. 

The Orders founded 
on the number 
and position of 
the stamens, like 
Classes I. to XIII. 


f 5 free stamens 
0 


8 „ 

10 „ 

1^19 „ 

20 or more stamens on the 
calyx. 

20 or more stamens on the re- 
L ceptacle. 


1. Pentandria. 

2. Hexandria. 

3. Ileptandria. 

4. Octandria. 

5. Decandrin. 

6. Ilodecnndria. 

7. Icosandria. 

8. Polyandria. 
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Class XIX. 

Crders formerl ac- 
conliiijr to tlie sox 
of tihe Horets con- 
tflin(^d ill tlie some 
eapituluin. 


All the florets perfect and of 
the same shape. 

Capitules radiate ; disk-florets 
perfect, ray-florets pistillate, 
all formin^f seed. 

Like the last, except that the 
ray-flortits are harren. 

ilay-florets fertile, disk-florets 
lian’en. 

Ray -florets perfect, each floret 
with an additional “calyx’’ 
or involucel. 


1. Polyg:amia 

eequalis. 

2. Poly^amia 

' supertiuo. 

3. Polyganiia 

frustraiiea. 

4. Polyganiia 

necessaria. 

5. Polyganiia 

segregata. 


f The Orders formed according Names of the Orders 
to the number and position the same as tliose 
Classes XX., XXL, of the stamens, like the of the Chus8«?s 

XXII. & XXiJI. Classes I.--XIII., or accord- they imitate, 

ing to their cohesion, like 
I the Claases XVI.-XIX. 


The number of actually existing Orders is limited here to far less than 
all the possible coses. 

' ‘ . Filices. 


Class XX. 


t 


fi.] 

l)ivid(‘d according to Natural j 2. Musci. 

relationships into I 3. Algoe. 

[ 4. Fungi. 


347. The completeness of this Artificial System is such, that 
almost every form of plant can bo readily referred to a place in it. 
Unfortunately, however, this is done in certain cases at the expense 
of natural affinities so close as those between the species of the same 
genus ; while in some instances it divides the individual examples of 
the same species. As it is contrary to the object of the Systcm.to 
interfere with generic groups, far less with the definitions of species, a 
choice has to be made in such cases as to where the forms in question 
sliall stand — the character of the majority of the species deciffing the 
place of a genus, and the character of the majority of examples that of 
a species. Moreover some of the Classes are so natural as regards the 
affinities of the constituent genera, that where, as sometimes happens, 
excc]ttional genera exhibit a deviation from the artificial type, a kind 
of compromise is mjide and the genus described with its^true allies, 
a reference being made to it under the artificial Class to which it 
strictly belongs. 

A few examples will illustrate these points, which render the use of the 
Linnaean System more difficult to beginnem than is generally admitted. 

The garden Rue (Ituta (fraveolem) has sometimes quaternary flowers 
with 8 stamens, sometimcF quinary flowers with 10 stamens. It is 
described by Linneeus in the Class Decandria; but it is necessary to 
include it in the table of genera of Octandria f^so, with a reference to the 
place where the description is given. 
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In the genus Fefftuca, the species are usually tritindrom ; but F, wii- 
glumis and others have but one stamen : consequently while the genus 
stands under Triandria in the System, a reference must be made to it 
under Monondria. Lepidium and Cardamine are genera of Tetradynainia, 
a Class of such closely associated genera that it corresponds to tlie Cru- 
ciferiB of Natural Sysbims ; but £. ruderak is only known in a diandrons 
state, and specimens of C. hirimiu are not unfrequently found tetrandrom, 
which cases demand similar cross-references in the tables of genera. 

The Classes founded on the diclinom conditions of plants are the least 
satisfactory of all. It is exceedingly common to find species with perfect 
flowers fuid other species with motMemms or dimcious flowers, in the 
same genus, as Lychnh dioica (in the 10th Class), Valeriana dioica (in the 
3rd Class), Itihes alpitmm (in the 5th Class), &c., in genera where the 
species mostly possess perfect flowers, llhnmmis cathartkaj dioecious and 
tetrandrouSf and JL Frangida^ peifcet and fyefitandroaSy represent that 
genus in the British Flora ; while Urtira dioica and U. ureas furnish 
examples of congeneric species respectively dwedom and monaictous. All 
such cases require the same kind of cross-references as above indicated. 

The charac^ters of the 23rd Class, Polvgamia, are subject to the great 
inconvenience that they frequently requiris the examination of a large 
number of specimens in order to make them out clearly. On this account 
many authors have discarded this Class, and distributed its genera among 
the others. 

The arrangement of the genera in Orders is accompanied by similar 
difficulties, which are met by the same rules, that the place shall be 
decided by the greatest frequency of occurrence of a character in a 
species or genus, and that a cross-reference shall be made. 

348. In almost all modern descriptive works, the species are de- 
scribed under a Natural Arrangement ; and the Linnman System is 
seldom had recourse to, except as a means of furnishing an Artificial 
Key to the genera of a limited region. It has certain advantages 
for this purpose, arising from the difficulty of subdividing the Natural 
Families into sections which are not too few or too numerous, in 
making the first step of the andysis. By the Linnman plan, the 
Flowering plants of Britain, for instance, comprised in about 500 
genera, are at the outset distributed into 22 well-marked Classes, 
each of which is again divisible into from 2 to 7 Orders, after which 
the detection of the genus is generally very easy. 

Sect. 3 . Natueal Classification op Plants. 

349. We have pointed out, in a former section, that the yenera of 
plants are truly natural groups ; and, if their essential characteristics 
are dearly understood, there will be no difficulty in comprehending 
the scope and pn^ose of the Natural Syst em of Plants. In this 
method of dassifying we pursue the same path by which we arrived 
at the genera, and proceed to combine these into higher and more 
general groups/mot according to arbitrarily chosen or isolated cha- 
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racters, but according to their natural affinities — ^that is, the agree- 
ment in their total organization. Genera arc thus gathered together 
into Families or Orders, these into Glmses of higher generality, and 
finally the entire Vegetable Kingdom becomes marshi^ed into a few 
Provinces or Svhicingdoms. 

It la evident from this, that a Natural System founded on a perfect 
knowledge of all existing plants would present to us a* kind of abstract 
picture of the Vegetable Kingdom, in which aU its essential chai’acters 
would be represented in their real proportions, places, and connexion. 
Not only, however, are we for from being acquainted with all exist- 
ing plants (not to mention the numerous hinds now extinct), but the 
essential peculiaiitics of a vast uiuuber of the known plants have been 
as yet but imperfectly studied, ^lienee we have at present various forms 
or plans for the Ni^Jural Arrangement of plants, presenting peculiarities 
dependent upon the amount of Imowledge, or the peculiar views, of their 
respective authors ; which plans or Systems must be regarded as so many 
rough draughts or sketches, to serve as material for the elaboration of the 
tnie and complete Natural System. As the principles of classiiicAtiou are 
fully .L-ecognized, and as the amount of plants thoroughly known is already 
very large, there is a close agrc'emcnt in the genera! features of the dif- 
ferent Natural Systems,” and especially in the manner in which the 
fhders of plants are defined. The chief diversities of opinion arise out of 
the different estimations of affinities and differences of the families, which 
express themselves in a marked manner in the mode in which the Classes 
or Alliances are formed. This will be evident in the |xamplcB we shall 
presently give of those Systems ” which have received the widest ac- 
ceptance. 

350. Wo have said above, that plants are combined according to 
the a^'eement in their total organization. But, to characterize the 
Natural Method more distinctly, it must bo added that especial 
attention is paid to the estimation of the relative value of the dif- 
ferent characters presented by each plant, a determinate scale being 
formed, in which the organs are ranked according to their phj^sio- 
logical importance, the morphological complexity of their construc- 
tion, and tiieir comparative invariability. 

Thus, while species of the same genus, distinguished generally by 
the external characters of their vegetative organs, arc combined by 
likeness in their flowers, genera (in which ffifierence o£ the floral 
envelopes, or of the external character of the fruit, or some such 
character exists) are combined into an Order on account of the agree- 
ment in the s^cture of the ovary and its relations to the floral 
envelopes. The characters of seeds, and more particularly of the 
embryos, give a still higher divisional character. These characters 
of successively higher groups are marked in organs of progressively 
higher physiological and moqihological importance, affinities between 
such organs being proportionately more v^uable. But they possess 
this value not merely on their own account; for that wore the 
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case, the method would be still to a great extent artiticial : they 
indicate the coexistence of proportionate agreement in the total 
organization, which renders tliem exponents not merely of the affini- 
ties of the plants in respecjt to the particular structure to which they 
belong, but of all their affinities, and of the rank which a given plant 
holds in the Vegetable Kingdom. As a general rule, it is found 
that the agreement of the total organization of plants is generally 
proportionate to the physiological value of any given organs in which 
they agree ; or, in other words, agreement in the structure of any 
given organ indicates general agreement in all 'the organs of less 
importance than itself. The agreement here referred to is of course 
a genenil structural agreement, a relation to a common type — not a 
resemblance excluding the multifold Ainor diversities which present 
themselves within the limits of almost every type. 

351. Practically, moreover, we have another principle to keep in 
view, which indeed, while it affords as it were the verification of the 
inductions of the above principle, is our sole guide in dealing with 
the subdivisions of the more comprehensive types. This is the rule 
that the closest affinities are marked by the agreement in the majo- 
rity of characters of equal importance ; or if the characters, as is 
more commonly the case, are of unequal importance, the principle of 
decision by the majority is carried out by ascertaining the propor- 
tionate values qf the organs in which agreements and differences 
exist, and striking a balance as with ctpial factors. 

Many of the older botanists had attempted to construct a Natural Sys- 
tem; and Ijinnapus left a sketch or fragment of one, in the, form of a list 
of names of families without definitions, regarding its realization as the 
ultimate aim of Botany. Many of the fiimilios in these older Systems fire 
gi'ounded almost exclusively on habit,” or general external character. 
The two Jussieus, Bernard and Antoine-Laurent, have the merit of the 
discoveiy of the only principles upon which a really Natural System can 
be founded. And so accurately did A.-L. de Jussieu carry out these prin- 
ciples in his arrangement of the then existing genera, that the families 
which he established are still almost all received into our present Systems, 
where some of them are indeed broken up into smaller groups, hut where 
the greatest increase in the number of families arises from subsequent 
discoveries 

352. The families of Jussieu consisted of groups of genera combined 
together upon the principles above enunciated. He established 100 
of them, defining them with exactness, and assigning to their cha- 
racters relative values, primary, secondary, tertiary, &c., and in this 
way he laid the foundation of the classifications now in general use. 

The characters of the natural Families established in this way will he 
found to be far less exact aud definite than those of the Linneean classes andl 
orders, and by no means so rigid even as those of natural genera. . The cha- 
racter of a family is founded on the totality of its essential characters, and 
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includes the essential characters of agreement of all its genera. The genera 
contained in most of the families exhioit a considerable range of differences ; 
allowance must be made for these ; and this gives a laxity to tbe family 
character which is puzzling to the begimior. For example, the family 
lianunculaceas is very natural; but we find in its character a c(?rtain 'niige 
of difference allowed for in the sepals, petals, pistils, and fruit ; the insertion 
of ali these, however, and that of the stamens, is fixed, and so is the cha- 
racter of the seed. Similar conditions occur in most other families. The 
decision as to w'hat family a genus is to be referred to is made, according 
to the principle of majorities : whichever it agrees with in most of its cha- 
racters (say, even tkyee out of fi ve), to that family it belongs, (ireat diffi- 
culty, however, exists in certain cases from a vast series of genera running 
into* 011(5 another by almost imperceptible* gradations, and this in differimt 
directions. A coii8idt5rable number of these agreeing closely are associated 
into u family ; another similar group form anotln^r family, and so on ; and 
th(5n, in the*cours(5 of time, sundry inteimcdiate genera present themselves, 
whi(‘h connect the established families, and which it is difficult to place by 
the usual choice in either om5 or the other, the characters being balanced. 
Thus the Natural family Logmiiaceai is connected by ‘‘aberrant’^ genera 
with Itubiacem, Cieutiauaceu.*, Scrophulariacem, and other families which 
are truly natural, but whhdi in this way come to be separated by somewhat 
indefinite boundary-lines. 

Tht5 fact is, that the V'egetable Ivingdoni is a 'whole, the families and 
classes liaviiig seldom a distinct isolated existence, except in the minds of 
botanists ; and wt5 must regard theni as analogous to countries on the globe, 
wdiich ore parcelled out under distinct names, but most^ften adjoin and 
run into one another, being only s(»parated by an arbitrary boimdaiy-line 
or frontier. Home, iud(5ed, lie off from the rest, like islands ; but these are 
the ex(5eptioiiis. 

Such exctjplioiis arc? found among tlie families which wore perceiv('d 
and established by the older botanists, in which the essential agi’eements 
are aceoitipauicd by a striking cliaracU'i* of external habit, as in tin? (Irassos, 
the ITmbelliferte, the Composite, the Legnminosm, the Couilerm, the 
Fnlms, See. Such remarkable peculiai'ities as these families possess, mostly 
prevent them being broken up into smaller groups, as has occurred to 
uiai.y of the earlier orders of large extent ; and most botanists prefer to 
distribute these genera into suborders rather than discai'd tht* ehai*ac- 
t (eristic general name. Examples of tliese are found especially in tlu? 
J.<eguminos£e, liosacete, and Composite. 

353. The Families or Orders arc for tlic most part the saftie, in all 
essential respects, in all existing Natural Systems.” A considerable 
diversity presents itself in the modes in which different authors have 
grouped these into Glasses or Alliances^ as will bo seen even by com- 
parison of the Tables of Eiidlicjher and Lindloy, given below. These, 
however, ore still Natural groups, as arc also those of still higher 
generality indicated in the chapter on General Morphology (§ 1 7). 

S jit all writers on Systematic llotany have found it requisite to group 
ie Orders or Classes of Flowering Plants into sections of somewhat 
less generality than Dicotyledons and Monocotyledons, as these re- 
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spectivoly include series of families so extensive as to be inconvenient 
in practice if left undivided. The members of these series, however, 
arc so intimately connected together by their natural affinities, 
that it has been found indispensable to have recourse to certain arbi- 
trary or artificial characters for the foundation of the sections — cha- 
racters derived chiefly from the conditions of the petals and stamens. 
The nature of those Sections will be best understood from the 
examples which follow. 

354. Jussieu established his primary divisions of the Vegetable 
Kingdom on characters which, although not altogether unexception- 
able, define rcjally natural groups, which are found under different 
titles in all Natural Systems. The characters w'ere the absence or 
presence of the rudimentary plant or embrj’^o, and its structure when 
present, in the seed. On these characters stood the three divisions 
AcoUiledons (plants without an embryo), Monocot yledom^ and DicoU/- 
ledom. The first of these names is bad, as founded upon a nefjative 
character ; but the plants wdiich it included were imperft^clly under- 
stood in the time of J ussicu ; the Acotyledons correspond to the Cryp- 
tognniia of Linnaeus, wdiich are now by more complete analysis dis- 
tributed into two sections, divided by even more important characters 
than the Monocotyledons and Dicotjiedons. The other two divisions 
are still retained, with very slight modification, in all Systems, but are 
subordinated under divisions founded on more important characters. 

The following Table exhibits Jussieu’s arrangement: — 


Monocotyledons , 


Apetalous 


THE JUSSIEUAN SYSTEM. 

Acotyledons Class I. 

r Stamens hypogynous 
. I „ perigynous 
1. >7 epigynous 

^Stamens epigynous 
„ pengynous 
.. V Jiypc^gynous 
^Corolla h}’ 7 )ogviious 
V perigynous. . 

r Anthers 
J coherent 

distinct 

r Stamens epigynous 

Polypetalous •< „ hypngyuous 

. I 17 pengynous 

J nclinous, irregular 


Dicotyledons 


Monopetalous< 


1 


II. 
HI. 
IV. 
V. 
\l. 
VII. 
VIII. 
IX. 


XL 

XII. 

XIII. 

XIV. 
XV. 


The three primary divisions hei'e are natural ; the Classes must be re- 
garded as artificial; the Families, howevei*, into which the latter a# 
divided, are natural groups, and to a great extent are retained in more 
modem systems. The Families of Jussieu were more carefully defined, 
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con'cctcdj and extended by liobert Brown, whose researches contributed 
most essentially to tlie establishment of the Natural System ; hut he did 
not attempt to establish any general plan for their coordination in Classes. 

355. Aug. Pyrame Be Candolle endeavoured to classify the Ycge- 
table Kingdom on principles more in harmony with the increased 
kno ) ledge of the structure of plants which had been accumulated 
since the promulgation of Jussieu’s System. Be Candolle’s System has 
become very generally used, on account of its having been adopted 
in the great Bescri 2 )tivo ■work which he commenced, and which is 
still in progress untlcr the superintendence of his son, the ‘ Prodromus 
Systematis Naiuralis llegni Vegetabilis,’ a description of all known 
species of plants. Ilis primary divisious rested U 2 >on the constitution 
of the elementary tissues, jdants being divided into Cellular and 
Vascular. The former wtTe subdivided into Leafy and Leafless ; the 
latter were subdivided into Kroyens and Emloyens. This classifica- 
tion is open to very great objections. In the first place, the Leafless 
Cellular plants stand at a greater distance from the Leafy Cellulares 
than* the latter do from the lower Vascular es ; and the character is in 
itself an inconvenient one. In the next place, while the terms 
Exogem and Kndogens were founded on a mistaken idea of the 
structure of the stems of tlie higher i)lant8, and were at the same 
time useless, as synonymous with JHcotyledons and Monocotyledons, 
the latter class was made to contain the higher Cryjitogamia, the 
Perns and their allies, to whidi an embryo was mistakenly attributed, 
and which are essentially related to the iilants called by Be Candolle 
Leafy Cellulares. These primary divisions of Be Candolle are there- 
ibre now discarded. 

His subdivisions of the Exogens (or more properly Dicotyledons) 
are retained in many works. Tlicy are artificial, like the “ Classes” 
of Jussieu, but are, like tlicm, convenient for the distribution of 
the families into grou 2 )s of manageable dimensions. They ai*e four 
in number, and founded on characters of the fioral envelopes, viz. : — 
1. Thalami florae y in which the 2 >ctals arc distinct and (like the sta- 
mens) inserted on the receptacle (hy 2 )ogynou 8 ) ; 2. Cahjciflormy with 
the petals distinct or colierent and (with the stamens) inserted on 
the calyx (perigynous) ; 3. Corolltflorae, with the j)etal8* coherent, 
and inserted on the receptacle (the stamens being inserted on the 
corolla) ; and, 4. Monocldamydeve, or plants with a perianth, or a 
single circle of envelopes. 

In Be Candolle’s enumeration of the families, which had greatly 
increased in number from Jussieu’s list, the reverse order of Be( 2 uence 
is followed, the higher plants standing first. As regards this point, 
however, it is a misconception to 2)lace the Thalam^rce first among 
the Dicotyledons, since they arc manifestly inferior to the Cahjciilorcey 
and even to the Corollflorce. 
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DE CANDOLLE’S SYSTEM. 

A. PlantsB Vasculares seu ColyledonesB. 

Class I. Exogenils: scu Dicotyleoonejk. 

Subclass 1. ThalamifloraB. 

„ 2. Calyciflorae. 

„ 3. Corolliflorffi. 

„ 4. Monochlaniydece. 

Class 11. Endogeneab scu Monocotyledone.e. 

Subclass 1. Phanerogamte. ** 

„ 2. Crj’i^togainDB. 

]3. Plantss Cellulares seu AcoiyledoneaB. 

SuhclcLss 1. Eoliaceai. 

„ 2. ApbyUaB. 

The orders were arranged in groups or cohorts, and to a large extent 
are retained at present. 

350. During the last twenty years a great many attempts have 
been made to distribute the Orders more satisfactorily into Classes 
and primary Divisions. Endlicher, Bartling, Meisner, Brongniart, 
Lindlty, and many other authors have published Systems of their 
own. That of Endlicher has been extensively used, and, moreover, 
is the basis of arrangement m his great ‘ Genera Plantarum,’ so that 
it will be useful to give the principal divisions here for comparison 
with others. lindley’s views of classification have been modified in 
successive works ; but as his ‘ \^getablc Kingdom ’ is the most im- 
I)ortant general systematic work w’c have in the language, it is 
desirable to give the classification adopted in that volume. In botli 
these Systems the primary divisions are founded on characters of the 
Vegetative organs ; and || both an attempt is made to group the 
Orders into small natural assembhiges, called Classes by Endlicher, 
and Alliances by Lindley. A comparison of these will indicate some 
of the diversities of opinion which exist among botanists os to the 
afimities of the natural Orders. 

ENDLICHEE’S SYSTEM. 

Begion 1. ThaUophyta. 

Sect. I. Pkotophtta. 

„ II. Hybtebophtta. 

Eegion2. Cormopliyta. 

Sect. III. Acrobeya. 

Cohort 1. Acrobrya anophyta. 

„ ,2. Acrobrya protophyta. 

„ 3. Acrobrya hysterophyta. 
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Sect. IV. Amphibbya. 

,, V. Acbamfhibrya. 

Cohort 1. Gymnospermas. 

„ 2. Apetalie. 

3. Gamopctalsc. 

„ 4. Dialjpctalae. 

The cohorts are subdivided into classes^ and these again into orders. 


LINDLEY^S SYSTEM. 

Class I. ThaUogens. 

„ II. Acrogens. 

III. Bhizogens. 

IV. Endogens. 

„ V. Dictyogens. 

VI. G]rxniiogens. 

„ VII. Ezogens. 

Subclass 1. J^ICLINOITS. 

„ 2. Hypogynofs. 

„ 3. Perigykofs. 

„ 4. Epigynous. 

A striking peculiarity of both these systems^ Endlicber’s and Lindley’s, 
is the separation of the root-parasites, the Orders Balanophoreee, Oytineao, 
and Itaillesiaceue, from the ordinary dowering plants, to constitutes a distinct 
class, named Ithizanths. AN"e ugrtso with the views of R. Brown, Griilith, 
and I looker, who regard such separation ns unnatural, and the combina- 
tion of these families under one head, on accoiSht of similarity of hahity as 
strongly opposed to their more essential characters. Dictyogens form a 
group intermediate between exogens and endogens ; but by most botanists 
it is considered that they pertain to the latter. In Lindley’a system the 
subclasses aroi divided into allianvcSy comprising each a number of ordertij 
for the limitation of which, us well as for a general history of the various 
systeins of classification that have been proposed, wo refer the reader to 
the ‘ Vegetable Kingdom,’ an admirable encyclopaedia on all points relating 
to systematic botany and the uses of plants. Since the piibhcation of that 
work, a very important work on systematic botany has been commenced 
by Mr. Bontham and l)r. Hooker, entitled ‘Genera Plantanun.’ This 
work, so far as at present published, comprises a description, in Latin, of 
all the genera of Bolj’petalous exogens, together with analytical tables 
.admitting of the ready determination of any particular genus. The plan 
followed up to this time is a slight modiheation of the Jussieuan arrange- 
ment, as follows : — 


£ 
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BENTHAM AJS^D HOOKEB’8 SYSTEM. 

Class 1. Dicotyledones. 

Subclass I. ANOIOSriIRMEiE. 

Group i. Polypeialce, 

Series 1. Thalamiflorec. 

9i 2. DisciHorsc. 

„ 3. Calycifloric. 

Group ii. Manopetalce, 

Series 1. Ovary inferior. 

„ 2. Ovary suj)crior. 

Group iii. ^lonochlmnydew. 

Group iv. Achiamydeie. 

Subclass II. GnuNosPEKUEiE. 

Class 2. Monocotyledones. 

Group i. Petahidecp. 

Series 1. Ovary inferior. 

„ 2. Ovary superior. 

Group ii. Glumaecm, 

Class 3. Acotyledoues. 

Subclass I. Aouooexs. 

Subclass II. TllALLOOKNS. 

Subordinate to the series ar(i cohorts, or p:roiips of orders, of equal value 
though with different limitations, with the alUamcs of T.indJov. 'fhe 
only*point which requires explanation here is as to tlie, series Disciflorrc, 
which includes those hypogyiious pejypetalous exogens in 'which llnu'e is 
St conspicuous disk jr series of hypogyiious glands, into, within, or upon 
wliich the stamens are inserted.' The rollowing amingimient is that 
adopted by Professor Jlenfrey in the first edition of this work, with a 
few” slight modifications inserted 'with a view to bring it into harmony 
'wdth other systems, and to enliaiice the convenience of the student : — 

SYSTEM ADOFTED II^ THIS WOKl^. 

Vegetable Kingdom. 

SubkingJom I. Fhanerogamia or Spermocarpia {Flowering Plants). 

Hiv. I. Anoiospebmia. Scries 3. Apetalas. 

Class 1. Dkotyledones: Subclass 4. Incomplotac. 

Series 1. Polypetalse. Class 2. ^lonocotyUdones. 

Subclass 1. Thalamiflonc. Subclass 1. Spadiciflora). 

„ 2. Calyciflorae. „ 2. Petaloidom. 

Series 2. Gamopetalas. 3. Glumiferse. 

Subclass 3. CorolliHorsc. Div. II. Gymnospebmia. 
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Subkinp^dom II. Sporocarpia or Cryptog^amia {Fhwerless Plants). 
Div. I. ANOiospoEiB. I)iv. II. Gymnospoba. 


Class 1. Sporogamia. 
„ 2. Thallogamia. 

„ 3. Axogamia. 


Class 1. Hydropbyta. 

„ 2. Aorophyta. 

„ 3. Hysterophyta. 


In tli(i following systematic description of the Natural Orders, the 
characters of the most important are given at length, with tlie necessary 
particulars rc^spectiug their aflinitics, geographical distribution, and the 
qualities of the mow; important plants lJic*y contain. To most is prefixed 
a short diagnosis ; and a similar diagnosis, or a few explanatory remai'ks, 
printed in smaller type, sm; siccorded t«» those Orders which either are not 
marked by very deluded character's, or which do not demand so mucli 
attention from tlie beginner, lii most cases tlie vitsws of other bottmists 
as to the position and limitation of the groups are briefly mentioned. 
I'nder eacli Order an; placed the names of one or more genera which 
furnish good illustrations and are generally accessibh; for practical exami- 
nation. Comparatively few flgure.s are given in this part of the work, 
siuceJt must be strongly impressed upon the student that actual exami- 
nation of plants i.s absolutely necessary for the acquisition of available 
knowledge of characters ; and the substitution of drawings for dei^riptions 
in elementarj* works tends to encourage a suporticial manner of examining 
plants, and reudor the ideas connected with the individual Orders too 
abstract and too much liiiiiUid to particular forms. 

An artilicial lvt;y to the principal Natural Orders will be found at the 
cud of the descriptions of liie Orciers. 


CHAPTEK III. 

S\STEMATIO DESOKirTlON OF THE NATURAL ORDERS. 

THE VEGETABLE KINGDOM. 

SuBEiNGDOM I. FHANEROGAMIA, or FLOWERING PLANTS. 

Plants producing stamens and pistils, and seeds containing an 
embryo. 

Divistoe I. Angiospermia. 

Flowering plants, with tho ovules formed in closed ovaries. 

Class I. DICOTYLEDONES. 

Angiospermous Flowering Plauts, with stemshaving pith and bark 
separated by a compact layer of wood, wliich, in perennial jdants, 
receives annual additions on the outside, beneath the bark ; leaves 
with the ribs mostly distributed in a netted pattern and generally 
diminishing in size as they branch ; parts of the floral circles mostly 

k2 
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5 or 4, or some multiple of those numbers, rarely 3 ; embryo with a 


Fig. S28. 




Fig. 330. 



Fiff. 331. 






Fig. 320. 




Fig.wi28. Nttttwl-voined l«af of a Dicotyledon. 
Fig. 329. Quinary plan of the flower. 

Figs. 330 & 331. <unbljEI% 


Fig. 332. ^ 




Fiir. 334. 




Fiff. 335. 


Subdassefl of Dicotyledons. 

Thalamiflorro (jRamtvmivjt). Fig. ;W4. Calj'ciflomp (FapnicufunO. 

Fig. ^3. Cttlyciflorne (Pi-MTitA). Fig. 33j>. Corolliflone 

Fig. 336. Incoinplutie (MonoclilamjdeteJ (JTlnms). 
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pair of cotyledons, §ind a radicle which is developed 4nto a tap-root 
in germination. 

Series 1. Pol^talse. 

Petals distinct, rarely aj^sent or united. 

Subclass 1. THALAMIFlOKiE. 

J357. Dicotyledons having mostly both calyx and corolla ; calyx 
free (not adherent to the ovary) ; corolla composed of distinct petals, 
which, with the stamens, spring from the receptacle (hypogynous). 


Order I. RANTING ULACEil^. The Crowfoot Order. 


Clans. PolycarpicsD, ISndl, All. Ranales, Lindl. Cohort. Ronales, 
Beidh. et Hook, 


35^. Dm/nosls.- 




i iTOrii TOTJrt va wo 0 it! 


lowers regular or 
i385BKr,'^[)oI^!STJnou^T^flc!SlsIorur[l^^clH^ with the calyx 
pctaloid; the sepals, j)etals, numerous stamens, all distinct and 
hypogj’nous ; carpels, many or few (rarely sohtaiy), all distinct; 
seed albuminous ; embryo small. 


Fig. m 



Fig. 339. 



Fig. !W. Aehene of Baunnctiliut, ent vertically to diow the Bf.ed, with an embryo at the base 
ofalhumcn. ..... , . , , 

Fig. .^38. Flower of Aconite, md*- view, Hhowmg the irregular wtoloid calyx. 

Fig. .m The some, with the sepals removed, showing the deformed petals ond tlie numerous 
hypogynous stamens. 


(Maracter, 

Thahrms convex or flat, often donated, vqry rarely 

Calyx green or netaloidf regular or irregular (fig. 338) ; sepals o-of 
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hypogynoueN^ deciduous, occasionally persistonifusually imbricated 
in aBstivafeii ^ ‘«B omotkB^^i M it»w i^uplicato. 

Corolla: pstah 3”]5f distincti hypogynouaf in one or more row^ 
sometimes deformed (fig. 339) or wanting. 

Stamens incISfiltfECor very rarely definite^ hypogynous ; anthem ad- 
natef bursting longitudinally. 

nr fe^ simple, 1 -celled, distinct, or very rarely 
coherent below to form a compound many-celled ovary; ntyle^H 
simpleT'MlMk or many-seeded ; placentas at the veutral sutures ; 
ovules anatropous. 

Fruit : a collection of dry aehenes, a 1 - or few-seeded berry, or a 
circle of follicles more or less coheroni below, bursting at the 
ventral suture ; seeds solitary, erect or pendulous, or ranJy hori- 
zontal in two rows ; emhryo straight, minute, in the base or within 
tke apex of homy albwnen.(&g.Ji^7), 

TixirsTUATma G-ENrha.- 


climlnnff plmds tcitJi a 

Calyx valmte or inavpricate ; fmtt \frfnt of manj/^seerfea fomcies, more 
of aehenes, tmially mnwmnted hy the or less coherent^ rarely baccate, 
persistmi and plumose style, Oaltha, L, 

Clematis. L, Ilellcborus, 


Trih(^ 2. Anemone JE. Calyx usu^ 
ally coloured, imh'i rated ; aehenes 
sometimes tailed: seed inverted. 

Thalictrum, Tmtrnef, 

Anoinonc, Haller. 

' Adonis, DC. 

. Tribe 3. liAXUNCULBJiJ. Calyx 
imh'ieadxd ; aehenes not tailed ; seed 
erect. 

llanunculuB, L. 


Nigella, Toumef. 

Amiilegia, Toumef. 

Ddpliiuiuin, Tournef, 
Aconitnni, Tounuf. 

Actsca, L. 

Tribe 5. P-ai:ONni:-fl?. Calyx «wi- 
Indcated; petals flat ornone; carjfels 
forminy dehiscent pods, surrounded at 
the base In/ a disk, 
l^aionia, Tournef, 


Affinities. — ^The characters which are almost universally found through- 
out the genera of Ranunculacote are the free sepals and petals, the inde- 
finite staipens, the invert'd ovules, and the presence of mbumen. None 
of these, taken separately, are absolutely characteristic of the order, 
though collectively they are of the greaU'st importance. The other cha- 
racters are all more or less inconstimt or variable throughout the order, 
some of the genera possessing them, others not. The conditions of the 
calyx and corolla, and also of the ripe fruit, are not only normally very 

•_ J.I.* Jiip i. i:i— j -.lx.. j 



ftSffnunruliM) iniwevo _ 

[><j^cii»A). nd both differ in habit. Some 

Fig. 336. luuompitiife cMonooiiiiiJiviiiQHafik _ from which| however^ 
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they diifer in the indefinite stamens and in the sutural (not valvular) dehis- 
cence of the anthers. which they 

yesMunhlo in certain rcspects^ne^lre^UistiiiguijBe^^^eir distinct 


and m the case of the Popp ies tfy their wateiy (not milky) juice, 
lieiations exist also with some Cmyciflonc, as withJ||M||k from which 
the present Order is knowd by its bypogynous stl^^^ne abundant 
albumen of the seeds^ and the gtincral properties. Sheathing bases of the 
leaves, rest;mbling adnate stipules, occur ]iere»and in 
tJiey somewhat resemble the stipules of llom, A kind o^^^lffliation 
of this Order occurs among the Monocotyledons, in where 

the free cari)i!ls and, tin; habit give a resemblance to tnos^^ffimiculaceie 
which Lave a ternary calyx. The Pa^onies approach the Nymphffiaceje 
in tti(» disk, which is remarkably develop(*d in r, Moutmij almost entirely 
tndosiug the carpels; the slainens of Pjconies also are, owing to a slight 
excavation of the rec(‘ptacle, perig^mous mtlu^r than strictly hypogynous. 

Number and Distribution. — This Order contains from fiO to 40 genera and 
a uumw of f-pcciea, .rln^h l.finr p.ro in a^nn. 
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Uses. — iiie plants oi tnis uraer 
and more or less narcoiic-aevid properties, some being virulent poisons. 
The poisonous property resides in the watery juice, and is in moirt eases 
volatuo, and capable of dissipation by heat, or even simple drying^ and by 
in water. Tt appears to be heightened in power by acids, spirits, 
sugar, &c. The species of RammcMm (Crowfoots or Buttercups) are acrid 
when frtish, especially R. mleratm and R, Fhmmula, Similar properties 
prevail in the tiibi.‘s Okmatidt^a and Aimmmvoi, The HeUehvretB are the 
most fictive of the llaTninculacese, the species of Aconitum (Monkshood) 
being among the most dangerous of poisonous plants, and containing on ex- 
tremely powerful alkaloid, avonitina. The species of this genus appear to 
diifer in the quality of their juices when grown under varied conditions, 
somewhat like the Hemp plant, since the roots of the most poisonous of 
them arc said to be eaten with impuiiil yin the higher parts of the Hima- 
lavas. The species of Aconite have be^n much contused by botanical 
writers : A, Naptdlm and A, Cammarmn (j^ani&doJtiim) are well-known 
poisonous European Monkshoods ; and, according to Dr. Hooker, ^e cele- 
t>rated “Bikh ’^poison of India is obtained indiscriminately from A, 
pelluSj luridtim, and palnuitmi^ as well as from A. feroxy L., which was 
supposed to be the solo source. The yellow A* Ijycoctomm of Central 
Europe is for less active. The seeds of Dvlphinium Staplmayri^i (Staves- 
acre) are drastic purgatives and emetics; the Hellebores, /fefeeftonw nigery 
oriadali&y and faiida especlaUv, are likewise violent evacuants, and the 
Pmonies fall into the same category. The berries of the Actetie are poi- 
sonous. Some of the milder plants are used as tonics, on account of the 
powerfiil bitter they contain, as the Yellow-root {Hydrastis camdensis) 
and the Gold-thread ( Coptis irifoli4ita)y both North- American plants. The 
jent seeds of NigeUm mtim were formerly used as pepper, 
any of the Raiiunculacea) are favourite garden plants : for example 


, NigeUay Aqmkgia (Columbines), Ik^lnniism 

AoomUim (Monkshoods), and Pamia, Many of then^ je 
double under cultivation. 
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ST8IB1IAIIC BOXANT. 


Class, PolycarpicoS; lindL All, Hanales^ Lindl, Coh, Honalos, 
Benih, et Hook. 

359. Diagnosis. — Trees or shrubs with mostly alternate and 
stipules ; an imbricated 5-mcrous calyx 
and corolla (the former persistent) ; numerous liypogj noiis stamens ; 
2-5 diBMniMMil*cly coherent carpels (sometimes 1 ) ; seeds several^ 
2, or 1 by abortion, arillato ; albumen fleshy. * 

Illustrative Geneba. 

Dillenia, L, Oandollea, Lahill. 

Ilihbertia, Ai^r, Hemistenima, Commm. 

mm.— uumi^iiiyu mm imiiimuuuu»ya p b y many important points 
offMfiBH^^ im mm i ifaii f 

habit, the persistence of the calyx and the stamens, and the arillate seed ; 

they are even nearer to the Magnoliaeem, but have no stinules, and the 
plan of the flower is here 5-lnerou8 j they ore also relatea to the Ano- 
naceae, which, however, have a valvato calyx and ruminated albumen. 
Some of the genera (Hemistemma, Pleurandra) have all th(? stamens on 
one side of the flower ; others have them united into separate bundU*s. A 
relationship between this Order and the Temstroemiacea? is established 
by the genus Sauraja, 

Kumber and Distribution. — A small group, the species of which are 
natives chiefly of India, South America, and Australia; a few also ol 
Africa, between the tropics. 

Qualities and Uses. — The general character of this Order is astringency, 
which renders some of them vaUutble in Brazil. Some of the IHlhnUe 
are valued in India for their acid juices. 

Most of the species of IHUmia are very Iiandsome, both as to foliage and 
blossom ; and some of the larger kinds yield hard, durable timber ; 8(*voral 
species are cultivated in large collections of stove or greenhouse plants in 
this country, where they are evergreen shrubs; Delima and Tetracera are 
stove climbers. 


Order III. MAGNOLIACE^. 

Class, Polycarpicse, Endl. AU. Ilanales, LhuU. Coh, Kanales, 
Bcftdh, et Hook, 

360. Diagnosis , — Trees or shrubs, with the leaf-buds mostly 
sheathed by membranous stipules ; leaves alternate, simple ; flowers 
regular, polypotalous, hjT;)ogynous, polyandrous, polygynous; the 
calyx and corolla coloured alike, in three or more 3-mcrouB circles, 
imbricated in the bud ; frjiit of numerous dry or succulent, dehiscent 
or indehiscent carpels ; the seeds often with a fleshy testa like an 
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aril, and suspended by a long funiculus; albumen fleshy, homo- 
geneous. 

Illustuative Geneba. 

Tribe 1 . Magnolteje. Cnrpeh Tribe 2 . WlimsiaS:^.. Carpels in 
an'mHjed in a conv ; leaves scarcely a circle ; leaves with iramparent dots ; 
dotted, stiptdes ofiett wanting, 

Ma^olia, Z. Driinys, J 2 . j&r. 

Jnriodeiidron, L, lUiciuin, L, 

Affinltios. — Clostfl}" related to Dilleniacese, this Order is distinguished 
bv the 8 -meiY)iis flowers, and in many cases bv its stipules ; from the 
Anonaceie it is sepnratt'd by its imbricated corolla and its homogeneous 
jilbiimen.* The convolute kipiiles enclosing the leaf-buds of Magnolia 
remind us of the stipules of Fiam and other IJrticaceae. The character of 
thti flowers indicates a relationship with SchizandraceoB, which, indeed, 
are combined witli them by Beuth^m and Hooker. 

Number and Distribution. — A small group, the greater number of Mhich 
belong to tin? Southern States of North America ; some occur also in the 
Wejjt-India Islands, in .Tapan, ('‘hina, and India. Drimysan^ Tasmannia 
belong to tlni OAlreme south of South America, to Australia, and New 
Zealand. 

Qnalitica and Uses. — Bitter tonic properties in the bark and excessively 
fragrant blossoms arc tlie most stnking qiialiti(*s of the plants of this 
Ordtjr, which are chiefly handsome 11*008 or shrubs, with oroad shining 
foliage and often very large flowers. The barks of Magnolia glaucn, grandt- 
flora\ Frazeri, &c. are used extensively in the United Slates as aromatic 
toiii(‘s; Mirhelia montann^Aranunlendron elegans^KM^Liriodendron talipifera 
have similar properties, llie odour of Magnolia grandiflora, conimbnly 
cultivated in this country, and of M, glaaea and M, trijwkda, is so powerful 
as to become very oppressive in dost' phices ; the last two often induce 
headache, and, it Is said, sielmess, and even fever. Tho species of Illicium 
ar«* aromatic: Fliciitm Star- Anise*, is so called from the flavour 

of aniseed in the wlioh* plant, especially the fruit, which yields an aro- 
matic oil. I, Jloridanmn has similar propt'rties ; and the seeds of L reli- 
giosum ai*e burnt in their temples by tlnj Chinese for iuceiise. The bark 
c:alled Winter’s bark ia that of JDrimgs IVinferi ; and other species of 
iJrhnys and Tasmannia have similar an^matic and tonic properties. Some 
of the larger species of Magnolia, Michelia, and other genera 111*0 valued as 
timber trees in India. !Mhny plants of this Order are cultivated iu this 
country on account of th(*ir heautv or fragrance ; some are hardy, as various 
INLignolias and tin? Tulip- tree ( TAriodenifron) irom Nortli America. Some 
of the Chinese and iTimalavan Magnolias have deciduous foliage and 
magnifleent flowers, such as Afl CamphelU and M, YuUm ; others are green- 
house or stove shrubs, such as the species of lUicium and the more tender 
Magnolias. 


K O 



stbteiUlTic BOiAirr. 


Order IV. ANO^ACEiE. 


The Custard-Apple Order. 


Class. PoljcarpicaB; Endl, All, Ranales, Lmll, Coh, Kanalcs, 
Bctith. et Ilooh. 


361. Diagnom , — Trees or shrubs with naked buds and no stipules ; 
thalamus usually convex ; calyx of three sepals ; corolla of six petals 
in two circles, usually valvate in the bud, hypogynous, sometimes 
coherent ; stamens with an enlarged connective, mostly indefinite, 
on a large torus ; car]icls usually numerous, separate or cohering ; 
seed with ruminated albumen. 


Illustrative Genera. 

Bocagea, 8t.~IliL Duguetia, SL-IliL 

Xylopia, Z. Anona, Z. 

Uvana, Z. Monodora, Dun. 

Afflnitles. — This Order is separated from the Magnolincofc in general by 
the absence of stipules, tlui valvate aestivation of the corolla, and the fonii 
of the anthers ; but stipules are not universal in the Magiioliacem, nor is 
the corolla always valvate here. The most cbatSiCtfilistic f^urpg ijxthe 
] Ajioiiwieaa arc the trimei’oiis flowers, the double corolla, the form of tho 
I anthers and carpels, and the niminated albumen, which latter indicates a 
I relationship to the Myristicacece, an apetalous OrdcT. Several remarkable 
deviations from the general character of the Older exist, such as the cohe- 
rent condition of the hom-like petals in DoUima^ the definite nunibcT of 
stamens and carpels in Bwagea (which is related to the Herberuhiceje and 
the Menispennaceae), and the concave thalamus, the sepals and petals com- 
bined to form a hood, and the perigynous stanieiis of Eupofnatia laurina. 
Mgnodora has a single carpel, 

Humber and Dlfitribution. — A not veiy numerous family, the species 
are natives of the tropical regions of Asia, Africa, ami America. 

QnaUtles and Uses. — Tlie Anonaceas are allied to the Magnoliacero by 
their general aromatic and fragrant pioperties. Tho dry fruits are mostly 
aromatic and pungent, while tho succulent kinds are sweet and agreeable 
esculent fruits. The Custard-apmes, Sweet-snps, and Sour-sops of the 
West Indies, and the Peruvian Ohcrimoyas are thi< fiiiits of species of 
Anona, llie fiiiits of Xylopia armnntiea are used as pep])er by the A frienn 
negroes (Pq)er athitt^ncuM). Mftrmlm’a Myridica, the Calabash Nutmeg, 
has qualities resembling tho true Nutmeg. Lanco-wood, used for making 
shafts, hows, &c., is said by Schomhurgk to lie the wood of Thtguatia qut- 
tarensis, Some of the species of Amma, Uvaria, Xylopia, &c. are some- 
times culliyatcd in stoves in this country, forming evergreen shrubs. 

(The Monimtacea3 are aromatic trees or shrubs with opposite leaves 
without stipules ; flowers axillary, diclinous ; perianth in 1 or 2 circles, 
tubular below; stamens numerous, in the tube; ovaries several, free, and 
distinct, enclosed in the tube of the perianth, 1 -celled, 1 -seeded; seeds 
pendulous ; embryo minute, on the outside of abundant fleshy acumen. 
This is a small Oimer of plants belonging chiefly to South America, but 
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oocurrinp^ also in Madagascar, Java, Australia, &c. ; sometimes combined 
with the next family, and usually referred to the neighbourhood of 
Lauraceie, from which they arc distinguished by Mieir apocarpous ovaries, 
but, like the Atherospennaceae, standing properly in the vicinity of the 
Anonaceae, along with Myristicaceae ; for some genera are dichlamyd'^ous. 
They are also rcjlated to (yalycanths and Hoses, but they differ from these 
Orders in their opposite exstipulatc leaves and albuminous seeds. Bentham 
and ll(wker place them n(*ar MagnoliaciCir, to wMch their aromatic proper- 
ties ally them. Tlioy are not (if importance economically ; the fruit of 
Bold^a is oaten in Ohili. Oen(*ra : Monhma^ Thouars ; dtrosmay II. & P. ; 

Juss. ; Wight.) - 

kc ■ ^ ' "'• 

Order V. MENISPERMACE^. The Moon-seed Order. 

Class, Polycarpiem, Endl, All, j^fenispemialcs, LindL Cok, Hazudes, 
JHenth, et Hook, 

362. Diagnosis , — ^Woody climbers, with palmate or peltate alter- 
nate leaves, without stipules; flowers dioecious, rarely perfect or 
polygamous; sepals and petals similar, in three or more circles, 
imbricated or valvate in the bud ; stamens usually 6, opposite the 
sepals and petals; pistil 3- G-gynous ; fruit a 1 -seeded drupe, with a 
large or long cun^ed embryo in scanty albumen. 

iLLUSTHAimc Gkneha. 

Anamirtrt, Cokli, Cissampclos, L, 

Jatoorrhiza, Miers. Cocculus, DC, 

Mcnispermum, Tmnwf, 

Affinities. — ^This curious Ordcjr is related to the Anonacem and the Bor- 
bcridacem through liomgm^ (‘specially w'hcn the flowers are perfect. 'Its 
nearest neighbours are Lardizabalacem and Schizandracem, with which 
the plants agree nincli in habit. All those approach the Magnoliacese ; but 
the ibabit, the generally unisexual flowers, and the absence of stipules 
semrate them from that family. 

This Order is veiy hotoromorphoua in almost all parts of its structure. 
The peculiar organization of the wood deserves attention, as does also the 
foliage. 

Number and Distribution. — A somewhat numerous group, the species of 
which ore natives of the tropics of Asia and Amenca, forming woody 
climbers of great size in thtf forests. A few are found in more temperate 
regions, but none in Europe. 

Qualities and Uses. — ^Narcotic and bitter properties of considerable power 
occur in this Order. Cocculus Indicus,’^ containing the poisonous prin- 
ciple picrotoxine in the sec^ds, consists of the berries of Anatmrta pant- 
cmata\ Jateorrhka Co/wm&fl furnishes *‘Calumba-root;” different species 
of Cissampelosy especially C. Pareira (" Pareira brava ”), are used as tonics 
and diuretics. 

Species of Coccfdus and Cismmpdos are grovAi in stoves in ibis country ; 
some of the North- American Men^sperma grow as hardy climbers here. 
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Order yi. LARDIZABALACEiE. 

363. A small group, referred by Bentham and Hooker to Berbcrids, and 
by BeGandolle to Menispenns. From the former they differ in their 
diclinous dowers, monadclphous stamens, sutural deliisctuico of the authers, 
and more numi^roua ovaries. From the latter they differ in their moi*e 
numerous ovules and small embryo in copious solid albumen. 

iLLUSTirATIVE GeNKRA. 

HoUboellia, WaU, ] Stauntonia, DC, | Lardizabala, Ruiz et Pav, 

The species are mostly from the cooler parts of Asia and South America. 
The berries of some are edibh?. H(^lha4Ua ami Sfmmtonia (Nepal) have 
been introduced os greenhouse evergreen climbers. 


Order VII. SCHIZANDRACEiE. 

•I 

364. A small family regarded by Bentham and Hooker as a tribe of 
Ma^oliaeea?. (see p. 201), from which they differ meivly in their climbing 
habit, oxstipulate leaves, diclinous flowers,* and fleshy 2-^-soeded cjirpels. 

Illustrative Genera. 

Kadsura, Jvss, Spha^rostema, Bhnn. 

llorlonia, Wight, Schizandra, L. C, liwh. 

The species belong to India, Japan, and the S. United States. They 
are insipid and mucilaginous. Scnizanc/ra corcinea (North America) is a 
handsome greenhouse plant; Sjiihecrostejna (Nepal) has been introduced 
in stoves. 

(A small Order of East-Indian plants, Sartace^, are related to tlui 
Menispermaceie in the circumstance that the sepals, petals, stamens, and 
ovaritjs ore all placed opposite ” to eacli other, but they have •5-meroiis 
hermaphrodite flowers and a syncarpous pistil. By Bentliam and Hooker 
they are placed near Sapindaceae.) 


Order VIII. BERBERIDACEiE. The Berberry Order. 

Class. Polycarpicm, Rndl. All Berberales, Undl. Coh, Ranales, 
Benih, et Hook. 

365. Di^msis , — Shrubs or herbs, with regular hermaphrodite 
flowers, wi& the sepals and petals both imbricated in the bud 
2 or more circles of 2-4 each (fig. 340) ; hypogynous stamens 
many as the petals and opposite to them; anthers opening by 
roomred valves. 


S’ 
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Character, 

Calyx with 3-4-0 deciduous sejials^ surrounded hy petaloid scales. 

Corolla : •petaU hypogynous, as many as the sepals and opposite to them, 
or twice as many, sometimes with a basal appendage inside. 

Stamens equal in number to the petals and opposite to them, the 2- 
celled anthers opening by a recurved vjilve to each cellj or rarely 
siiturally {Podophyllum), 

Pistil : carpel solitaiy’, free, 1 -celled ; style somewhat lateral ; stiyma 
orbicular; pluf^enta sutural; ovules anatropoiis, numerous or in 
pjiirs, fiscending or suspended. 

Fruit baccate, or dry; seeds crustaccous or membranous; embryo 
straight in the centre of flcsliy or horny albumen. 


Illusthativk Gkxkra. 

Berberis, L. Epiiiiedium, L. Caulophyllum, Michjc. 

{Mnhoniu, Nutt.) Leontice, L, Jeftersonia, Bart, 


Fig. 340. 


— To Tlaniinculfic(ja) this Order is related closely by J^ersoyna 
and Podophyllmn, Pfjimvdltnn allies the Order to Fumariacerc. The con- 
nexion with the iVnonacofc tlirnufrli Bovayea lias 
b(.*en referred to above. ^Jhey differ from Mf*ni- 
sperms, to which their floral arrangements ally 
tii(*m, in their hermaphrodite flowers and small y 
embiyo. The mnarkable mode of dehiscence of ( yJ "v 

the anthers connects this Oid(*r in that respect ® ^ 

with Laiirncem and Ath(*rospeniiacea? among tho ^ \ ^ 

Monochhiniyd(‘iT.. Caulophyllnm thfdictroides, a 
North- American plant, is inter(*sting from tho 

development of its fruit ; the pericaip d<diisces Diagram of the flo\rt*r of Epi- 
very early, and the two seeds burst out and weefiMw: a, a, brai-teoles. 
ripen into nnk(*d bon*v-like bodies with a succulent testa. The h»avi!s of 
these* plants are simple or compound, sometimes reduced to tlie condition 
of spines (§ 103). The ripe anthers possess a peculiar irritability, which 
causes their valves to turn bfick and burst when touched. 




Distribution. — A small Order, the spt»cies of which are natives of tem- 
perate climates in America, Europe, and the northern part of India. 

Qualities and Uses. — ^The bm'k of llic root of some of the Indian species 
contains a bitter principle, on which account it is used as a tonic in 
fevers in lieu of quinine. The Berberry (the fruit of Berh^pis vulgaris) 
and the fruits of other species are acid and astringent, and are eaten pre- 
served. The stem and bark are upd by dyers, both on account of their 
astringent properties and as ingredients in a yellow dye. The rhizome of 
PodophyUmn peltatum furnishes a resin which has purgative properties, 
and IS much used as a substitute for mercury. The leaves of this plant 
are narcotic ; but tho berries are edible. 

Berberis vulgaris is a British plant, often cultivated on account of its 
beautiful scarlet berries ; the eyerCTeen Berberacem, B. Amifojium^ &c. 
(3/aAonia, Nutt.), are also extensivmy planted on account of their shining 
pinnate leaves and the grey bloom on theii* black berries.^ Epimedium 
(dpmum is a rare British plant, found in the northern counties. 
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Order IX. NYMPH^EACE^E. Water-Lilies. 

Class, Nelumbia, Endl, AU, Nympholes; LindL Coh, llanales^ 
Benth, et Hook, 

366. Diagnom. — Aquatic herbs with cordate or peltate floating 
leaves, and solitar}’’ showy flowers, proceeding from a rhizome growing 
at the bottom of the wal^r ; the partially i)etaloid sepals and the 
numerous p(?tals and si-ameiis imbricated in several rows arc partially 
or wholly adherent to a large fleshy disk ; the numerous carpels 
combined into a man y-celled compound ovary, with radiating stigmas 
on the top ; ovules all over the spongy dissepiments ; embryo minute, 
enclosed in a separate sac at the cud of the copious albumen. 

Illustrative Genera. 

Nymphaca, Neck. Victoria, LindL 

Nuphar, Smith. Eiiryale, Stilish. 

AfOuitlos. — ^I'he dilations of this striking Order are yaried, and -some 
diflerence of opinion exists among botanists even as to their position in 
the two groat cUisses of Angiosperraoiis Flowering plants. The embryo 
appears to bo truly Dicotyledonous; and if we range the NymphaBaceiB in 
that class, they naturally approach the Papaveracesro in the character of 
the ovary, and with these likewise the Pmoiiy tribe among the Kanu- 
culaceie, espcjciully the kinds with a highly developed disk. The cha- 
racter of the ll<.)ral envelopes and stiunens allies them to the Maguoliacscse. 
The Nelunibiaoero and OabombticeiB are immediately conneett^d with 
them. From a mistaken view of the striicturo of the seed, regarding the 
vite'ilus or amnio tic inner endosperm as a cotyledon (§2i>9), Richard 
assumed that this Order was Monocotyledonous ; and although it has 
proved that this account of the structiure of the embryo was incoiTect, the 
plants arti so anomalous in inanyTespects, that it is ditflcult to decide as 
to their closest relationships. The structure of the rhizomes is quite that of 
Monocotyledonous stems ; the ha^t relates thmn to the Hydro^aridacese ; 
and the structure of the ovaries indicates some alTiiiity with Alismaceae. 

* When, however, wo regard the Dicotyledonous embryo and its gennination, 
the quaternary or quinaiy plan of the flowers, and the netted rihbing of the 
leaves, together with its close relation to the Dicotyledonous Orders above 
named, the balance of characters is strongly in favour of its reference to 
this Class. Nymphieaceie are very interesting in structural' respects — ^as, 
for example, in the anomalous condition of the rhizomes, the remarkable 
development of the loaves, in the curious sm^cession of forms 

between petals and st amens in the many-whorled enveloixis of the flowers 
of Nymphaa and Victoria, the various degrees of development of the 
disk and enlarged receptacle, ranging from mtphar.Yriih a superior ovary 
to Victoria with its ovary simk in the receptacle imd its stamens and 
envelopes raised on an annular disk, the seeds growing all over the disse- 
piments, and in the peculiar condition of the albumen. 
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Dlstrilmtlon. — small family, tlie species of whicli are distributed 
throiig^hnut the world, more rarely in the southern hemisphere. 

Qo^ltles and Uses. — These plants are said, on doubtful authority, to be 
sedative and narcotic. More important characters arise from the presence 
of starch in the seeds of various kinds of Nymphmij of EuryaUt and 
Vwtnrla, which are used ns food. The com-like rhizomes of some 
Nymphieas are eaten in Scinde, others in Western Africa. Among the 
most remarkable plants of the Order is the Vuioria retfinj a native of the 
rivers of equatorial America, with its enormous circular leaves and beautiful 
flowers. ()ur native Water-lilies, the white (Ntpnplirra alha) and yellow 
(Niiphar lutea), nr« both striking ohiccts, ancl the cultivated KympheBa 
cm'uha and the crimson A’’, mhra illustrate the brilliancy and variety of 
colour ill this beautiful Order. AT. giymitea^ a blue-flowered Australian 
species, has flowers almost as large as those of the Victi)ria, 


(Cauombaoe.is, consisting of only two species, of the genera Cahomha 

X ' {IlsidmpeUh)^ are sometimes separated f rom Nymphfeac^efle, of 

petals, hypogynous 

stamens, 


and containing one or two ovules on t lie dorsal suture. They are closely 
allied to llaminculocere, but differ in the embryo enclosed within a double 
albumen. Jlqth gtmera occur in America, and Brasmia also in the East 
Indies and Austr^ia. ) 


Okder X. NELfTMBIACEJte. Water-Beans. 

.*107. Large aquatic plants, lik#Water-lili^, but with distinct carpels, 
forming acorn-shaped nuts separately imbedded in cavities of a large top- 
•hapod receptacle. Seeds solitary, exolbuminous. 

Affinities, &o. — This Order consists apparently of the two species of AV- 
Inmhium — N, Sfwoimum, supposed to be the Sacred Egj'ptian Lean, found 
throughout the East Indies, biit 90 longe:* in Eg;i'pt, and N. httenm in 
North America. They are nearly relntdd to N^Tuphmacem, through Ca- 
bcmhacot© ; and both are included in that family by Bciitham and Ilooker. 
The enlarged rijci'ptacle of the fruit is very curious, and the peltate leaves 
raised above the wawr on long stalks are remarkable objects. The nuts 
%Te the riflencd carpels, which are contained in separate sockets in the top 
of the receptacle; the seeds have large flat fleshy cotyledons applied 
against the plumule, which is unusually developed. The seeds, as also the 
tubers of N, hdeum and the rhizomes of N, ^pedomm, are esdulent, h(ung 
full of farina at certain seasons. 


Order M. gARRACEiJIACE^E. 

368. Polyandrous and hypogynous Bog-plants, with hollow pitcher- 
shaped or trumpet-shaped leaves, and regular polyandrous hypogynous 
flowers. 

Illustrative Genera. 

SaxTBcenia, X. | Heliamphora^ Benth. | Darlingtonia, Torr, 
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fto. — ^These curious plants, cliifsfly remarkable IBSrttrrtT'HTrOP 
malous leaves, forming ascidia (§101) or pitchers, are few in number, con- 
sisting of a few species of Sai'racemn in the United States, a Darlinfftonia 
in Oalifomia, and IIeKamphm*a in Guiana. Saframiia has a very large, 
angular, peltate stigma, while thul/^f 'iBSt^nphnra is simple and truncate, 
^cy^arc’^regarded as related to Banunculacem by the <4-/3-meroua and 
imlwwjiatgiiiWBveiopes and the numerous h^^iogynous stamens, while the 
coherence of the carpels into a compound ovary* brings them alfTIW'tttBC 
time near Papaveraccm , but the placentas are axile. 

Order XII. PAPAVERACE-®. The Poppy Order. 

Class, Khceades, JEndl, AIL Ranales, LindL Coh, Parietales, Jienth, et 

Hook, 


369. Diagnosis. 

fArniLtfl flyariTinla 



HePous; sepals caducous; polyatidrdilgyTiypdg 
syncarpous, 1 -colled, with 2 or many parietal placentas. 


Character. 

Cahjx : sejpals 2, rarely 3> caducous. 

Corolla : itetals 4, rarely hypogynouaf mostly crumpled up in 
aestivatioii, 

Stamem free and distiiictf indefinitc^hypogynous; 2-celledt 

bursting longitudinally. 

Ovary fre(^ composed of 2 or more carpels (very rarely distinct )f 
1-celled ; ovules numerous, very rarely solitary ; placentas broad, 
parietal, on the projecting incomplete dissepiments ; style short or 
none; stigmas radiating^ doublef opposite the iinx)erfect disse])i- 
ments ; ovules anatropous or araphitropous. 

Fruit capsular (fig. 342) with a number of xdacentas on imperfect 
septa, or pod-shaped with parietal placentuGf the dehiscence val- 
vular or porous ; seeds mostly numerous ; embryo minutef straight^ 
at the base of fleshy oily albumen. 

- Illustbattve Genera. 

Cholidonium, Tourmf. Papaver , I Eschscholtzia, Cham, 

Argemone, Tourmf . | Glauciuifljnf^^ | Platystemon, Benth. 

Afflnlttos.— -Taking the common Poppies as types of this Order, we find 
a marked distinction from tne 2-merons calyx, the con- 

fluent carpels, and the miil^mcanW^Se flrst two of these characters 
do not hold universally, smcc Argemone sometimes 3 sepals, aud 
Bhxtystenum has the carpels more or less di^ict, or united only slightly 
externally. Bocconia^ with owiaB iflnwtiiiiiiiipd nn 
Tfudictrum, Monstrous caj>sules of Papaver occur in ga^ens ^th the car- 
pels paftilyteO;e(miewhat4Uk.^ NigeUa. This Order is also related to^the 
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the general structure of the 

aJsHepnnentWxtond quite to the axis in the CfSBBSS^uuflTBml^^ 
Another genus from the same region, Bendmnecm, has peculiar double- 
lined panetal placentas, and the capsule bursts into 2 valves with the 
seed s on the margins tn 111 The anrangc^mojit of 




(iumj Chelidmium, &c. caus 

from which, how^ever, there is a marke 
afRfflnBiis seeds and the narcotic millty juice; the tetradynamous 
stamens of Oruciferre, too, almost always afford a striking character; but 
a remarkable cxcejition has been lately observed in an East-ludion poly- 


Fig. 341. 




jnpaver mmi^erum, Cspeole of Poppy (Papaver ) : a, transverse section 

Tne Opium roppy. ^ seed. 


androus Crucifer (Megacarpaa pdyandrd). The nearest relatives of 
the Papaveraeeas are th^ J^MaMn^^^ch are combined with them as 
an irregular form by doiiniMM^The agreement is great in many 
respects ; but the Fumariaces^ have irregular flowers, diadelphous stamens, 
nna a watery juice ; the geiftis Sypecuum y however, has the corolla nearly 
regular, and its 4 stamens are al9l!!llUt|" and!" MenomUay in the present 
Order, has hut 4-5 stamens | so that Hypecmmi is midway as it were 
between the Orders. 
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, with ciroum«»ciPflile smaration ( ^ 

lucouH sepals m of a conical cap. The Htamens and petain, 

moreover, become peri^-ynous in this trenus. The sepals in most cases 
fall off when the flowers expand, so that they must be observed in un- 
opened flowers. 


pronp IB nox a larjrt' one ; out the species <iccut in all 
sparin<rlv out of Eiu*ope (in a wild state 

QnalitieB and Uses. — ^The milky juice of Papaveraceje is ^ ery^ 
powerfully narcotic, sometimes acrid. Papaver nonmifirum, th(» Opium 
Poppy (fif^. ‘‘Ul), is the most important plant of th(\()rder, the opium 
consistiiipr of the dried milky juic** obtained from the unripe cap^iles 
(tiff. 312). It*^ native country {•* unknown ; hut it is larjrely cultivated 
in Turkey and the East Indies. Its seeds yield a lixed oil, ^^hich is quite 
harmless and is ukhI both by itself and us a means of udulteruliiif? fdi\e- 
oil ; tlu' oil-cake is also used for feedinjr cattle. The seeds of An/emotit* 
meriemut are narcotic-acrid. The yellow acrid juice of ( Mithmium majm, 
as also that of Bocconia fnffpscfrui, is poisonous, and is sometimes naed as 
an escliarotie. Santfuinaria cr/Mor/cWx, the Blood-root or Piiccoon, re- 
ceives the former nauu' from the red juice of its root, which it* (*mployed 
in North America for its emetic and purgative properties. Mvcomlpsia 
nejmlrnsU is said to he \(.*ry poisonous, (‘specially in the roots. 

Se\ernl plants of this ()rder ai*c wild in this country, as the four kinds 
of lied Poppy of our fields, tin* commoneHt of which* is Pajxtver Bheruft, 
P. Hovwifentm is a corii-licld weed in ninny jiIocoh on chalky soil ; and its 
nnmerou' double varieties are to be found in most fi^ardens. (ihnwium 
hifpum, (he ytdlow Horned Poppy, jrrows on onr sea-shores ; CheUdomum 
majufi f^'o-ws about hedpes neiur ^illajres, and is apparently an outcast 
from jrar<h*iia ; the other nativ(‘ plants of this Order ju’e less eommon. 
E'ichv'lwltzH!^ a (^alifomian prenus, is now found in every pforden; and 
Pfatpifte9)W)ij Artfetno/ip, and other genera are also cultivated here. 


OliDER XIII. FUMARIACE,®. The Fcmitory Order. 

Class, lihocndes^ BtUll. AH. B(‘rberales, Zindf. Coh. l^arietalcs, 
Benth. et Hooh, 

370. Dtaffnosts . — Belicato smooth herbs with watery juice, dis- 
sected leaves, irregular flowers, with 4 partially unih'd petals, fl 
diadelphouH or 4 distinct stan iens ; ovar y 1 -celled, 1-socdcd, or 
sovereil-seedcd with two pMTalC 

Character. 

Calyx : sepals 2, caducous. 

Corolla : petals 4, irregular, in 2 eirelos. 

Stamms hypogynous, 

6, diadelphous, the 


rare 

pari 


r^and 2 lateral 1-oelled anthers. 


the petals, o r 

HS^MHPVfth 
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Ovary free, 1-celled; styU fUiform; stigma jjith 2 or more points; 

ovvles horizontal, ampliitropous. 

Fruit: an indchiscciit 1- or 2-seedcd nut, or a dry 2-valved or suc- 
culent indchiscent many-seeded pod ; seeds shining, mostly arillate ; 
npmirytrmmute^^ abaxial-, Shaiglll^' etirved," in4eshy albumen. 


. ,^LLUqp^ATI^’E GeNE^IA., 

Dicentra, Borhh. | Fumaria, Tournef. | lij’pecoum, Toumef, 

Affinities. — The fclose relationship to T’apaveraceae has bet'n pointed out. 
Bentham mid Hooker indeed include Fumitories under that family, lly~ 
pemtm, with its four distinct stamens, diverges froju the ordinary type 
imiiK'diately towards that Order. The nuAher, faiin,^^|ldi|»p^ment 
9f^the horal en^^jjppes miirk sip, to th# Jk.‘rberilk|||jj||j|^ch like- 

wise have stamens opposite to the petals. A further reiationsnip exists in 
tlie direction of Gruciferm, concerning which, howev(5r, authors are at 
variance, on account of the curious condition of the diadelphous stamens 
here. As stated above, the two parcels each bear a central 2-celled 
antfier with a single anther-lobe qp each side. Lindlev and Asa Gray 
r(‘gard these narcels as formed from four stamens, the two latera^f which 
are split, si'iiciing half an anther to the posterior, and the other wdfto the 
anterior parcel, offering an illustration of chorisis (§ 140) : this would be 
in agrocunent wdtli the four stamens ot llypevoimi ; hut six are said to occur 
here sometimes, which would favom* Gay’s view, that tiie plan of the 
stamens is like that of Crucifer®, and their normal miimher 0. Probably 
there are but two stamens originally , from which'the lateral ones are sub- 
sequently produced. Lindlev is ^so inclined to think that the so-ealled 
sepals are really bracts, and the t\^ outer petals septUs, which would render 
the position ol the staminal bundles opposite the outer petals (sef^als) nor- 
mal ] but the relationship to against tn^g^J])je^mode in 

which the liomed stigmas push themselves against the extrdK anthess in 
the blossom of JFknnana, while the petals cohere by their tips, is worthy of 
examination, as also are the luodificatious of tne staminal bundles in 
Fumaria, Dievutra, &c. The long pod of Ilypccmm has transverse spurious 
septa between the seeds. 

Distribution.— Th(> species are not very numerous, and are mostly found 
in the temperate parts of the Northern llemisphere. 

Onaiitiflg sometimes rather acrid, and with 

slight diaphoretic ana aperieg1 ^i^)pp i ^ ^ but oi^ .IHtle import^ce in this 
riispect. The genus JF^/^J^irwrna8 a'huriiDer ormBer^oubtfid species in 

several 
plants in 

nese species, is now greatly culrivated ae an early-flowering greenhouse 
plant, which is hardy in some situations. 
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N. Obder XIV. CRUCIFERjE. Cross-plowebs, 

Class, llhoeadeR, JEn-dl All, Cistales, Lindl, Coh, Paiictales^ Benth. 

d- Hook, 

371. Bi.annosis.—'J^rh^ wi tfi a pungemt Wjiterv lyce. cruciform 
4-merous flowers, auOctrauynamous sfameiis ; fruit a silique or 
silicle ; seed cxalbuminous. 


Cltaracier, 


CalysBi ^»fl^J|deciduousf imbricated or valvate in the bud. 
Corolla distinct^ 6talkcdMDp|ygyij|j|^^ 

altemaun^witii the sepals 



..divided 


natural 


lius : — 
sides or 


edges of the flat, accumbent cotyledons ; 2. Notorhizos (0|1), with the 
radicle folded against the back of one of the flat, incumbent coty- 
ledons; 3. Orthopheeoi (0»), the radicle similarly folded, but the 
incumbent cotyledons longitudinall}'' folded (induplicate) so as partly 
to surround it; 4. Bpirolohea^ the cotyledons linear, incum- 

bent, and folded or rolled over on themselves and against the radicle ; 



Fig. 348. 


Fig. .349. 



Fig. 3'17. Bilioli* of Tmiwi a, ontirc; 6, cpobb noction. 
Fig. Ji48. jiurnt of Thla^ri. 

Fig. a4tt. Sefd oi cut \ertiL’all7: a, funiculus. 


those of the cnibiTO for subdi 
silicjue^ Opening by valves ; 2. 
silicic op5nng*^1by* valves, the rcplum 
J3. Sllicuhsce twgnstheptip^ a valved silicic with the rcplum in tho 
narrower diameter ; 4. JSiicimentacecej with an iudehiscciit silicic, 
often 1-collcd without a leplum; 6. with the valves 

bearing transverse septa in the inside ; 0 . Lomenta^ece, with a pod 
breaking across into 1 -seeded pieces, sometimes with a l-2-8eedcd 
beak above the abortive true pod. Bcntham and Hooker’s arrange- 



vision^ thus ; — 

V. t > rfi. * 

L in the broader diameter; 
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ment closely corresponds with this ; but the Suborders are all more or 
ims'iiTtidcial: ' * 

’ IXLITSTllATIVE GeNEBA. 

Thljuspi, 

Iberis, X. 

Oakilo, Tmmef, 

Malcolniia, i2. Br> 


Cheiranthus, B. Br, 
Matthiola, 12. Br, 
Nasturtium, 12. Br. 
Arabis, L, 
Aubrietia, Adana, 
Alyssum, L, 
ErophaS:, BC, 
Coclilearia, L, 


llc.‘!peria, L, 
SL^mbrium, LT 
ErtSimum, L, 


LepitBiiiH,rR;rWr 
Brassica, L, 

Sinapis, Tmirncf, 
Crambe, Toiinief, 
Tlaphanufl, Tourmf, 
Senebiera, IWr. 
Subulaiia, Adana. 
Scbizopetalou, HoaU. 

vgr ftfinfn iinfl 

HR 


x-iiyHiiiium, aj , 

Capsella, TiM, 

^jSfflnlticSi — The rclatidiiships pfTEhis Order to^^ 

. and thence with near^ nave 

Qt on already. ' n^roenierTt i^l 

(loser, in the general character of tlSR^^HHWn the scjeds ; but wKen 
.1 . 1 _ * ~ J g f ew as six stamens tliev are nof tetrad\7iamous — an 

,,v6 latfimfsepals areiittaciica ingJier up tnan tn(?jotner two^ 

ffln^r petals are in a single rejw. Liudl^' and niimy others 7eS5?cniie 
six stamens , as belonmng to t\fq circles of four, thtroiitef of which has 
always two stamens arjortive,'" while the inner* pairs should normally stand 
sjngly before tlie four petals : ^ if the glands in th‘(» recoptacle'h.nrbvb^e- 
gfi^ed as abortive stamens', which is plausible, this structure really"dbes 
exist in En/simmi Vcroffkkiannni, where tht? two glands stand opposiUi 

to be as many as six glands in some Ou(?ifers, wliicb iiiA olves tlu^ (existence 
of three .stniliinal cirdcss: as a polyaiidrou.s form {Mt^ffacarjHm pidyundra) 
has been niet with, w-e may even admit this. Moqiiin-Tandon and Webb 
regarded the stamens as nonnally four, tlio pairs bdng f n’med by r/torisia 
(§ 149).. As to the ovary, it seems most simply explained as cohiposod of 
two carpels with a spurious dissepiment, the stigmas oppo.sit(’. the placf^iitas, 
like those of being double and composed of a half from (lacrh cnr})el, 

just as the placeijrtas are. The fad that four caipds are sometimes found 
in monstrosities, and are constant in th(j gtmus Tetracellimy merely indi- 
cates a return to a symmetrical condition, ordinarily interfered with by 
suppression of Iw^o carpels. 

arc those of EicdilcTTwliofufiriiis tJie existence of chonsis in the 
long stamens, llis notion is that the flowers of Crucifers consist of two 
antero-po.st?rior sepals, two lateral ones, four petals crossing the lateral 
eepals diagonally, two lateral short stamens, two antero-posterior long 
stamens split into two, and two lateral carpels. These views are adopted 
after an examination of the development of the flower, in which there are 
first to be seen tivo tuberch'.s for the fore and aft sepals, then two for the 
lateral sepals ; the four petals originate simultaneously ; the two short sta- ' 
mens arise opposite the latenil sepals, the two other staminal tubercles are 
subsecmently developed at a higher level than the preceding and decussate 
with them ; these two after a time become notclied, the notch gradually 
deepens and ultimatelv forms tw'o distinct stamens. As a rule Crucifers 
have in the adult conditioh bractless flowers ; a few species have bracts 
normdly ; and they sometimes occur as abnonnalities. 
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Distrllmtion.— -This large Order is venr natural, and, as usually happens 

dimcult to define. ai-"- 


in such cases, the genera are very 
moat abundant in temperate and cold filimiitflH. and 


SSRuSSm^^^^^^^Snifaracter is antiscorbutic, the 



development of parenchyma. 

either in th^r rdl 
slemnanTleSi-^^ as "" 

or undeveloped infloroi 

all vuri^fi^ 


watery 
which 
me 

abnormal 


, thmr 
Reaves. 


LvnnefTiirfmannrnt! 

n Jl; ViTi m pl|f/l I WiJ A s p 

m f« *1 i i Vf ^ rTTOI ■<:> VTtW^ 


, IS most vaiuauifl 

Thi 


40 aaavrnv v ci»i 

a^ood for cattle. 

K. campestris and li,~ltapa or JSapifs: 

ire cmtivaTea on ai 


is supposed to be a hybrid between 


JS^alsoTEoTierffSI^ still mor^ the seeds, of th|JI|j||^^ 

the latter of which yields the prope^aDle^niiSBr^^^^ 
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water in which they have beim boiled, or even of the bruised fresh plant 
of some, aa Di'i/nniitm Al/taria. Oil of Mustard, obtained by macerating 
the seeds of JUack Mustard in water and distilling, is violently acrid. 
Most of the genera cited in the list above are represented by common 
wild plants in this country, th(< rest are fiuind in most gjudens j Matthiola 
is the Stock, Cheiranthua Cliein the ^^'allitower, &c. 


' Order XV. CAPPAllID ACE JE. The Caper Order: 

Class. Ehoeades, JEndl. AO. Cistnles, Undl. Coh. Pniietales, 
lieMh, et Hook, 

372. 7>£(ff/Jr«o^^w.— TTerhs, shrubs, or nirely trees, with alternate simple or 
lobed exstipulate leaves ; cruciform iiowers ; stamens nunuii-ous, or, if 0, 
not tetradyuamous, on a disk, or with an interiiode separatiiij^ them from 
the corolla, ami a 1 -celled pod or berry with 2 or more paidetal placentas j 
seeds renifomi, exalbuminous. 

Illijstiiative Genera. 

Tribe 1. Clkome.^. JFruti capsiOar. Tribe 2. Capp areas. JFi'uit baccate. 

Cleome, J)C. Oadaba, For^. 

Polanisift, Baf. Gapparis, Ir: 

AfBtaitiefli — This Oirier is closely related to the Oriicifera?, both in 
structure and properties, being distinguished sliiefly by the mostly inde- 
finite stamens, which when omy six in number are very rarely tetradyna- 
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mous, and by the stipitate ovary. The parietal placentas and the disk 
them to th e Hesedaceas, which likewise . have kidney-shaped ex- 
: there is a more distant affinity to the Bixace©, which 

iiiWf ff ' " * I th h 

circles of floral orgaiis is a striking ” ^ _ 

in Cleome and Caj^ria the receptacle has rather a discoidi^velopmont 
below the stSsilnens, the ovarj' being stalked ; in (Jynandrnjms and Cadaha 
there is a stiilk-like prolongation of the receptacle between the corolla 
and stamens and between the stamens and the ovorvrSXliis structure 
cbiffiec^^hejplaiifHlfW In other genera 

the r^WBMraT^ or lesg^ fl eshy or glandSni^ disk. 

In Fhyso8tc»f)n thd*sffllm8IB*^ 


mr m ini^ mam w a m o vs^ 

•lupiu HiJilDlJB'M'Bffe 

Qualities and Uses. — There is g 

ome ca3ea..tM UttDgentj?rin( ‘ 

Is specii 

ianem ‘ /, rupestris, and (Sf/ypthc/t), The root o! 

acrid and to blister like* Cantharii 
is The Volmmia wusandro 


ffl!!Pf“f!!^^o or four posterior ones 

Blon bel ow the anthers. 

AIFIUU. ' 

entwith the Crucifer€l?f"BBt 
nngfflBHT The Capers used as 
CVggpqny ( C. spinom ^ j 'm- 


apeneni nna anmeunmne. 
gardens ; a few hear .the open 



tvebee n t rod ug^ d int o^ o ur 
d tWeS. ' 


OiiDEK XVI. RESEDACEiE. The Mignonette Order. 


Bheeades, JEudL All. Cistales, Lindl. Cok, Parit'tales, 
Benih, el Hook. 


373. Dimjnosia.- 
commonly with a 


esliy one-sidi 




■i -meroi 




Jiypogynons ^sk between 
ap ^ the ("3-40) stamens, which it supports. Otdyx op(m in the 1 
S- or U-lobed, orlB-honjed, 1 -celled with .*i or 6 parietal placentas, 
opening at the top before the exalhumi nous reni lbrm seeds an*, ripe. 


iLLUSTIlATn^E CeNKRA. 

Eeseda, Z. Cligomcris, Cambass. 


Those plants agree in many respects with the Capporidace.'e, as in the 
presence of a disk supporting the stamens, and the I'onifoim seeds. By 
Miiller they arc placed between Capparids and Crucifers, which seems the 
most appropriaU? placuj for them. Tliere is a more distant relation to the 
Papaveraceie, from which, however, they art; always distinguished by 
their exalhuminous seiuls. Moringace© have many points in common, 
but difler in habit, foliage, straight embryo, and monadelphous stamens. 
T^opening the ovary before the seedjs ar p ripe is wo rthy of 
Juimconim^^ it is weU seen in tfco 'uaraen Mignonnette 

. ^SemlaTidoraioJ. TWyornSne is remarkable for Iht' mduction of the parts 
’ of the 6ower, haying hut 2 petals and 3 stamens, ©id the disk is likewise 
absent 
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Distribution. — A fltnall ordor. Most of tlie kinds are European ; but a 
few ocrcnr in India, South Africa, and in Oalifornia. 

• Qualities and Uses.— The best-known plant of the Order is 
odomta. so much lyjJliSlJISSLite hardy character. Reaem 

native weeo^oimnmnyTn^^ eld, yields a yellow dye. Some 
of the species are acrid. 


OiiDKii XVII. J3IXACE/E OR FLACOURTIACE.E. 

The Annatto Order. 

Class. Pariotales, EudL AH. Violales, Lmdl, Coh. I^arictales, 
lieMh. et Hook. 

.‘174. Shrubs or small trees with alternate oxstipulate leaves, 

usually »*nlire and Jeathtay, often dotted; roffular lierniaplirudit(^ or uni- 
s'*Mial [low(‘Ts; sej iils 1-7, sliyhily coherent lielow; petals as many and 
(iisti.icl, or absent, stanKUis hypo;^ynoiis, f^i^nerally iiulefinite; ovary ses- 
sile, Oi- slijiblJy {. Uilkf'l, 1“ or rarely more-celled, with '2 or more parietal 
]jlace 'jias, ovid'.s cu,* >d ; seeds imtnerous, wiili a straiyfht embryo in the 
avis id* Jlcsby aiOiimex cotyledons broad; radiede next the hilum. 

Lh I'STIl ATT V K G ENEIl A . 

JUx. , lu blacourtia, Commera. 

Oiicitba, Forak. Erythrospermum, Lam. 

Ihd.ib'd t(» Jie Sainydaci'je, but distiujruished by their hvpojrynoiis 
stanu'iis, aiiil to the- I*assilloraceai, but destitute of a coronVd Eroni 
t'apparids they diiler in their albuminous si'ods; from Cistacem in their 
sti‘ai;j'iit ovules. 1 lent bam and 1 looker refer the small {^roup ] ’anj^iocesc 
(stM> post) here. 

'I’lu* species are not very numerous, am.1 are. mostly natives of the hottest 
rejrions of the ^lohe ; soiiitj of the plants nie bitter and astringent ; the 
pulpy fruits of Onvoba^ of Flavoartia Jimmntvhi, sapiilay and stpiariti ore 
edible. liijra Orvllaaa yiidds the .substance called Annatto, used for 
cobuirinjj cheeses and tis a dye ; it is derived from a pulp surroundiujj the 
seeds. 


Order XVlll. CISTACEAi:. Uock Koses. 

CUm. Parietales, FtuU. All. ( Jistales, Lindl. Coh, Parietales, 
lietdh. et Hook, 

•*177). liuujnosis, — Tjow shrubs or herbs with rej^lar hermaphrodite 
flowers, pei*sistent calyx, distinct liypofryiunis, mostly indefinite stamons ; 
pod J -celled, i4-5-valved, with as many parietal placentas ; ovules straight ; 
seeds albuminous : embryo tuirved or spiral, with the radicle remote from 
the hilum. 

Illustbative Gknkba. 

•» 

Cistus, Tounief. | Helianthemuiu, Tmmef, 

L 
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AlllnltifiB, ftc. — Nearly related to Violacefo, Bixaceae^ and Droscracoac, 
but distinguished by the fonn and dii*ection of the embryo, from the 
llypericacesB by the structure of the fruit and the absence ol dots on tlie 
leav^ and from Linacoic by t he fru it ; they al so appr oach Papaveracete 
\iy Dmdromevon \ and Liiidley "cSfsidem tnat fliSre is some connexion 
with Oapparidaceae and Crucifrrte ; but the 4-merous plan and exalbumi- 
nous see^ of those Orders i*emove them widely. Some of the Ilidianlheiiiu 
haye dimorphic flowers. 

The Cistacea? are most abundant in South Europe and North Africa, 
but occur in other parts of the globe. Tlie gum-rosin called Lad.'iniiiii 
is obtained from CYa/wj crHicuSf ladmiferm, Ledon, and others ; and tlie 
plants generally are regaixled as resinous ^iid balsamit!. Many species ai*e 
cultiyatcd for their beautiful but fugacious flowers. 

Heliuntfiemum vulyarc, a native plant, is remarkable for tlie irritability 
of the stamens in the newly opened flowers. 


Order XIX. DllOSEllACE.di. Sun-dews. 

Chm. Parietales, EiidL All, BorlH^ralos, LindL Coh, llosales, 
Benth, et Jlmk, 

370. Jbtat/nosis, — ^Bog-herl)s, mostly glandular-haired, with regular hy- 
pogynous flowers, 5-merou.s and persistent ( withering) c,al\'x, corolla, and 
stameii'5; the anthers lixed by the middle, extrorse; ovary fr<‘i.‘ : ovules 
numerous, invei*tod ; pod 1-celled, with twice as many separate styles and 
stigmas as there are pai'ietal placentas ; the embryo minuti.*, at the base 
of fleshy albumen. 

Illustrative Gexeka. 

Drosera, L, | .lUdi’ovanda, Monti | Diomea, Ellis. 

The interesting but not veiy numerous plants of this Order are remark- 
able for the circinate curvature of their flower-stalks, which, together 
with the absence of iJtipules, the extrorse anthers, divided styles, ^c., 
separates them from the Violaceae, which they aiiproacli ; they aiH) con- 
nected with Ilypericaceffi by Parnama, and have some allinity to (Jistaceie 
and Tumeraceae. Bentham and Hooker place them near the Saxifrjioes, 
These plants are found in bogs or luamhes in most parts of the globe, 
excepting the Arctic regions. Their double stigmas are curious; but 
their most interesting cnanuders reside in the leaves, which in Drosera 
(Sun-dews) are covered with beautiful glandular luiirs: three spciricis 
occur in this coimtiy. Aldrovamla vedculosa, a native* of South liurope, 
has curious whorlea cellular sjioon-shaped leaves ; wdiile Diotum miisvi- 
pula, the Venus’s h'ly-trap of the North-Amorican bogs (occasionally 
cultivated in sto\ e8here), is well known for the remarkable irritability df 
the lamina of the leaf, the two lobes of wdiich close upon any object 
toujhing the upper face. The Brosoracese are said to be acrid. 
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Order XX. VIOLACE-®. The Violet Order. 

Cltm. Parietales, Eiidl, AU. Violales, Lindl, Coh, Parietales, Bmth, 

at Hook. 

moJiiiS- Dlfiffnosis . — ^aves alternate, usually sti - 
pulate ; flo^^pri^egula^^l5cg^5r^ hmuaphroclito. with a^uML 
wliat irrSmlar l-spurrcd corolla of 5 petals ; stamens 5, liypogynous, 
with aaiiato introrsc ^tliers ^ounivent over the pistil, connective of 
the anther nsualfy prolongc^cJ ; si^dc and stigma single; pod 1- 
eelled; (1-valved, with li jianetal jdaccmtas in the middle of the 
valves ; seeds albuminous ; • embryo straight. 

Character. 

Oaltf.r : sepals 5, persistent, usually elongated at the back, imbricated 
in a'stivalion. 

Corolfa : petals o, hj’pogynous, eqmil or unequal, one usually spurred, 
willieiing-persistent ; obJit^uedy couvolute in icstivaiion. 

Stameits o, alternate with tln^ petals, or occasionally opposite, in- 
serted on an hypogyiious disk, often unecpial ; anthers 2-cellcd, 
introrsc, sei)aj'ate or cohering, and lying ui)on the pistil ; .the fila- 
ment or (joiiueelivc^ prolonged beyond the lobes of the anthers, in 
the irn'gular fiou ers two of the filaments are sinirred at the base. 
Ova rtf (‘oiijpouiid, 1 -celled, with numerous ovules on 3 parietal pla- 
centas opposite the 3 oiitcT sepals, or rarely 1-ovuled ; ovules ana- 
trojsms ; stf/le single, mostly declinate ; stujma capitate, oblique, 
hooded. 

Frail : a capsule bursting into 3 valves, with the placentas up the 
middle; seah mostly numerous ; embryo straight in the axis of 
fleshy albumen. 

iTiUrsTnATivE Gentcra. 

Viola, L. 1 r*apayrola, Auhl 1 Alsodeia, TJumars. 

AfiOnities. — J>y the irregular flowers and appemdnged authors wo readily 
distinguish most of the Viohicwe iVoiii the J)ru8eriicc.TD, Cistame, and 
Sauvagesiact‘ai ; and in Alsodeia, wheu’e the corolla is regular, *the simple 
style and capitate stigma are still av.nilable; and several other important 
ditlcreiiccs exist, such as: — the definite number of stamens and straight 
embryo, unlike that of the CistiMreie; diflerent vernation and stipulate 
condition of the leaves, unlike Droseinceie ; while Sauvagesiaceae, besides 
having the anthers uuappeiidagcd, have either numerous stamens, or, if 
live, they are opposite to the pfdals and alternate with five scales; more- 
over the capsule bursts septicidally, so that the placentas are at the edges 
of the valves. Violacem are related more distantly to I’assifloracem. Li 
the native species of the genus Viola, it is not uncommon to find apetalous 
flowers, especially in the autumn. 
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Distrllmtion. — ^An Order consistinpr of a few genera, some, such as Viola 
and Ahodeta, rich in species, the gi'eater number witli but ftjw. The im^- 
gular Violaceae belong chiefly to Europe, North Asia, and Noilh America, 
where they are generally small herbs, and to South America, where thov 
are mostly shrubby ; the regular genem, Alsodeia &c., belong to South 
Ameiica, Africa, and Malacca. 

Qualities and Uses. — The Order is characterized in general by 
WDertjea. Which d8Vi!Upea 111 L110 Wbih -American loMdial 

L Poayaj 1. liuhtt, are used thererinsteiidrof’ipacacuaiilia, 
and tlio last was formerly supposed lo be the true Ipecocuanharulant. 
Vida caninaf the common ])og-Tiolet of our hedges, is said to be tame- 
ficial in skiu-disi'uses ; and tlm same pi'operties are attributed to Anchietia 
saltdam in llrazil, where it is also used as a pm^gative. The roots of 
the Sweet Violet, V odoraia^ are emetic and puigative ; its seeds are also 
purgative. F. tricolor is the Pansy or Heart s-ease ; its leaves have been 
supposed to contain hydrocyanic acid, since they smell likit peach-blossom 
when bruised. 

The SAUVAGESiACEiE fomi a small group sometimes separated from 
Violaceae on account of the characters mentioned above. They are related 
to the llj-pericacese through Parnaasia, 


Order XXI. FRANKENIACEil^. 

CloA'i, Parietales, Endl, AIL Violales, LindL Coh, Caiyophyllincfo, 
Bcnth, et liwth 

fl78. This small and unimportant Order bears veiy close ailinity to the 
tribe Silenojc of the (.)rder Caryophyllacem in the lloral envelopes and 
stamens ; but its ]ilaceiitas are parietal, and thi*. embryo is straight, which 
caustjs it to approach Violacere, and es])eciaUy Sauvagesiacem, from which, 
hawever, it diners in thedr united sepals and extrorse anthers. Most of the 
plants are found in South Europe and North Africa ; but a fov' species are 
scatt«.‘red in other parts of the world. They are said to be mucilaginous 
and aromatic. 

Illustrative Genus. 

Frankenia, L. 


Obdes XXIL TAMARICACEiE. The Tamarisk Okseb. 

* « 

, CKcim. Gut^e^j Bndl. All. Violales, LindL Coh. Car 3 "ophyllina), 

, Benth. et Hook. 


379. Hiaynom. — Shrubs or herbs of fostigiate ^owth, with alternate 
scale-like leaves, usually pitted ; flowers in close spikes or racemes ; calyx 
4-5-j)arted, persistent ; peteMlistinct, adherent to the calyx, withering; 
both imbrieg^ in apstivation; stuiuens hypogynuus^ equalling the petals 
or twice Qi^SSny, distinct or coherent; ovary superior, ovules nuAierous, 
capsule 3-valved, 1-celled, with 3 placentas either at tlie base 



THALAMIFLORj!!:. 221 

or 1 in the middle of each valve ; seeds comose, without albumen ; embryo 
8ti*a.igl\t j radicle inferior. 

I 1 .LUSTEATIVE Gbnkiia. 

Tamarix, L. | Myricaria^ Demj, 

Affinities. — Endlichcr looked u]ion this Order as intermediate between 
Ilyperic^aeere (Ihrougrh Reaiimnnacem) and Lythracem, while Tdndley 
thinks they stand rather between Violacem and Orassulaceoe, and De 
Oandolle placed it near I'ortulacacem, as also do Bentham and Hooker. 
From all tlui above .,how(?v(T, th^ diflerln ’tfttmrrtiJfre of thtHf'seed^!^ 

Distribution. — A group consisting of two genera, one with sevenAfthe 
other with V(irv few species. The plants are natives of the northern 
liemispher(i of the Old World, growing chiefly by the sea-shore, or on the 
margins of rivers or lakes. 

Qualities and Uses. — The bark is bitter and astringent ; and those kinds 
grouing near the H<'a yiedd abundance of soda when burnt. Tamarix 
mtntmfrra yields the Manna of Mount Sinai, a kind of mucilaginous 
sugar, said to be exuded in consequence of the attacks of a Coccus-insect. 
Severiil species ai*e attacked by gall-insects, and the galls of T. indica, 
(lioica, Fura/tj and orient alis are used in medicine and for dyeing. Tamaric 
guUiva flourishes well near the sea on oiu* coiists, jind is an ornamental 
shrub. Myrimrla (/n maniva is a handaomc shrub in our gardens. 


OKnKHXXIlI. CARYOPHYLLACE^. Th. P,kk O.n... 


('lass, Caryophyllaccm, Endl. AU, Silonales, LimU, Cok Caiymphyllinie, 
lientk et Hook 


3S0. Diagnosis . — Herbs with opposite entire leaves : stomH awoll^ p 
at the joints ; ftowem ivmmctncitU^5-mcrou ^"^ or withoiit 
petals ; stameus distinct, not more than twice as many as the sepals, 
oi"7R,rigyiious ; styles 2-5 ; seeds attached to the base 
or to the central placenta of l!ll|IHllll*i 

embryo curved round the mealv' albumen. 


Character, 

Cahf.v: sepals 4 or 5|persistcn1f distinct or coherent into a tube. 
Corolla : 'petals 4 or ^clawed, often deeply bifid~ 

|i^yy ^lv separated by a short internode from th^fl^ 
<Si#fTmmstwico as many os the petals, or equal to andopposite to the 
sepjils, sometimes fewer, inserted with the petals ; Jilaments awl- 
shaped, sometimes coherent; anthers 
Ovary sessile, or raised with the cor ofu^MB stamens on a short 
‘ or with 


st^k aBove the calyi^l-celledr wii 


2-5 dissepiments extending to the centre ; ovvdes few or nume- 
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rolls ; stigmas 2-5, filiform, rescmlfiing the styles, but papillose 
down the inner bide. ;jr>0. 

Fruit capsular, 1-eelled, with a eentnil 


placenta^^5-val\ed, or s])littin{? 
into 4-10 teeth aboio (fig. .‘^50)tor ' 

2-5-eelled, loeulicid illy deliise(‘iit, ^ 

with tho plaeeulii^ ddhering to the ft 

septa; mnslly iiuli finite; the ^ 

•I'il )i iar<‘ly straight or I 

sjnral, witli little albmnen; ladicle Tir ' ly 

next the hilum. 



Fir *r»0 Onpsiik of h Imrfit 

Fy V>1 Si chon of Mcul of / i/thm*- 
fl, ( ndoHpi rm , h iMubri o 


IlLI SIRIIIVJ. (Jl M.nA. 


Tribe!. AnSTNT^. t^pnUdMnet. 
Sfigiua, L 
Alsine, IVuhlenb. 

Arenariii, Z. 

St(*llaria, L, 

Cerastiuitt, £. 


Tribe 2 Silfai^t. SrpahcoJtfnuf/ 
into a tuhr. 

Dianthns, L 
Snponaria, Z. 

Hih‘ne, Z. 

L> Lhiiis, Z. 


Affinities. — ^The ojiporitc entire lea's < s snriii<>ing frinn tbicbened nodes, 
definite stamens, and the (haiacterof tli(» phueutn and seeds M*nt* to 
distinj^Mish the gi’eat majority of this wt‘ll-niaik<Ml ()uh*r. Tin* luuiest 
relations of the Taiy oplii llaei se, as lure defined, an* niupii'stionahh the 
jUlfiC|L£|£iajyuuMPo|^^ which we s(>paiale inori* ioi tlu* sakt* of 

cffiveniene^IfaisBnSBoiitnSon accinint of natui al di versit \ , since in hot h 
those Ordeis there is a variation betwoin the Inpounions and perigMioiis 
conditions. Tho IllecehraceaB mav he distinguished hi tin ir scan oils sti- 
pulos and iitrioidar fiiiit, and the Portiilac.icw by tho ‘^^^d 

Dv the stamens when equal to tlu* sepals bt*ing alternate, oPtlfllllWWi tlu* 


by the stamens when equal to tlu* sepals bt*ing alternate, offl(ijWMtf% tlu* 
j^etala, since it seems more comeiiient to keep J:li^ Molhujimu with Tor- 
tiilacacea* if the^ affftHTidod. The apetaloiis fwins, and the alliance with 
^e Orders just named, connect this Order with me 

all chnractmzecnSy^^urnsi 


®;ruvMyiiwniiiTM A»:»nurnTn 


embryo surrouxicimg a tioiirv aibnincn 

ri i.. ii. 


rt'gawled by some authors as 
foWSg^B^^R^xcepRon^ToTBo^iirgimil 1 > ]»e," the free central 
column oij matuie oyari(*s b(*ing regarded as a product of tho reeeptiude, 
independent of the carpels. But the dissepimouts exist in the (*ailv stages 
of development, and are tom away dUring* the expansion of the* o\ arv : 
4^|m^igj^^i^m#ssity to assiiiiie thi* independent origin of the pln- 
^JHP^j^^^^^TOlossoina of plants of this Order do not decide tlu* 
question, since these Wave been found with seally independent gWiffl of 
tne ovules from the Babe of tlie ovary, and witli ovules develojied upon 
the margins of the carp els. 

Distribution. — An ()r4MHl|i{isting of several g(*nem and a large number 

of T""°° MlEJIlIlLMllif r** ' f onlH .t1 

ing to th^ j P ctic region^ ftud to almo&tt tnmxtmme limit attorned by 

flowering plwts on mountains. 
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Qualities and Uses,— The plants of this Order arc generally devoid of 
actiA e properties — some of tncni containing more or less of a deleterious 
principle, called SnpmittWy as Sapaiiarm, Ayrmkmmu^ Sihme, &c.; and 
(hjpHophila StruHiium, the Egyptian Soap-root, derives its name from its 
saponaceous properticjs; this substance is generally most abundant in 
tilt; r(»ot.s. Tlie gtmus Dmdhiis, or Pink, is remaikable for the btiauty of 
its flowers ; J). harhafm is the; Sweet-William ; jO. phmarim is the parent 
(»f the varieties of Garden l^nk ; 1), QaryophpUm (the CloVe-JPink), of the 
Garnation and its varieties. Lychnu and Silnw also aiford handsome 
garden plants. A large* proportion of the plants-of this Order are insig- 
hificant weeds ; one of them, Spurrey airen8M)y\A sometimes 

grown as an agricuftuml crop on poor soils, for feeding Sheep. 


\ Omek XXTV. MAT.V\r!T!;R. Thi.Mali.qw Oedeb. 

AV. Mnlvnles, LimU. Coh, Malvalca, 


itli ftltemy| ^iTm1.qtft leaves 


381. 

often cov<*rod with soft down aM 
and corolla convolute in mstivatioT^stanienBimiflH^^ 
tlelphous in a tube \d|ic h is adherent bolow to the short claws of 
the petals ; anthers iPcelled 

Ciily,v : sepals 5, rarely 3 or #inore or less united beloT^ valvate 
TB lH|BB||iided by an Cgiijjisx (§ 164). 

CoroVd ! jlMls equal in number to the sepalef hypogynou# 
torted in aestivatioi^frec or adherent to the tube of the stamens. 
Sf omens indcfinitdp all perfect ; anthers 

^ "^Ijcffley^idho^ across. . 

OwryT^rpels several^oach forming a oell arounff a central axis, 
cither coherent into a jgnjdtilocnlar comj^nnd ovary, or distinct ; 
ovules definite or indcfinit#on tho ventrd suture; st^es equal in 
or -twice as uiaufTiMiBrail^^ ; 

sikjmas 

Fruit ; a sevorol-cellcd capsule, or a colle ction of separating indc- 
hiscent cocci or of follicles, the carpel?!- or many-seededi ; seech 
with littb or no albumen, embryo curved, yot yledons mu(jh twisted 
oily, testa sq — • 
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Il.LUSTRATIVE GeNERA. 


Tribe 1. Malyear:. Herbs or «/w- 
dershrubs, Staminal column authei^^ 
ferm* to the top ; styles as numerous 
08 tJte cells of the ovary ; ripe carpels 
seceding from the columella. 

Malope, Z. 

Althiea, Z. 

Malvu, Z. 

Z. 

Tribe 2. UHENE-f?: llerhs, Sta~ 
minal column destihde of antJters at 
the top ; styles twice as many as the. 
cells of the oran / ; fruit as in Tribe 1. 

Pavonia, Z. 


Tribe 3. IIibisceje. Jletbs or 
undershrnhs. /Styles as many as the 
carpels ; fruit syncarpous, capsular. 

ITibiacufl, Z. 

Gossypium, Z. 

Tribe 4. Bomb ace Trees or 
shrubs. Sfaminal column divided into 
ii or more divisions^ etwh with one or 
more anthers: ^styles confluent or 
I eqtad to theyun^ls: fnnt syncar^ 

I jMutSj dehiscent or indeiiiscent. 
Adansonia, Z. 

Jb^nibax, Z. 


the 

form of live in lie tiiDerc-iea, me primordial HtaiiK'ns : irorii the Md»*s of 
these are subsequently developed others. ’ — ' ■ ' 


ions. 


aivaceanire closely aiiiea to 

especially to the first Vwo, by they t«neral sfmeturo anfl tJie mstivanon oi tm? 

nw^hers from all three : to 


liifflUliflOiflL P'"" monndelphouH stamens, twisted 

iBstivatioi^niie corolla, and the otWsioual Heparation of the carpels from 
a central axis in the ripe fruit; with there is a connexion 

through till! epi(!alyx or calycine involucffamfflH^onadfdphoiis stamens ; 
and some points of structure, but especially tin* properties, resemble those 
of from whitdi have tiie stamens more or l(‘ss 

cohcrHit^nev may Dc^Ustin^Bshed by the vai vate calyx. Malope pi*o- 
sents a cijpoiis condition of the caiqiols, |yhich are^niimerous and distinct, 
rewennWinjr those of a Ranunciilaci.'ous plant, 
is lyfeijred here on a m RBit'ti f the 1 -celled a 

oUh^re es in this Jroup attain enormous afre cmd dimensions, as in the 
Adansouia or TlaobalK and the Bombax^ tlie ifrcter of which ..^^lodnce 
great projecting biittrwses from theif^g|yjy|[,^ in this Bubcfi^qsioii 

is tough and leatliery ; and the pollen is genSBl^nuioth, notf^piir^ as in 
the rest of the family. The hairy seeds of thisipbdivision recSiniiose of 
Gossypium. * : 

Distribatlon. — A large order, with seWal ^nera and very nurnfjrous 
species ; ^y^atte^m^j|ostjAmjdair^^ugtromc^^^^^jjgJjyjg^g[^^^y^^ 

the abundance of a bland especially in the roots, a? in the 

Marsh-mallow fthe Fnmch Trimmmre) (AUheea ojfficuwlis), the flower of 
the H olly h oeje {A lthaea rosea) ^ the common Mallow f sylvesfris), kc. 

THM^AwrafUffi Hatttmilt vipll^ a hliiH-ilvft liltA iiKliom l)ut tlio moot 


scale-like leaves, usually O pwnts aepS^JpOTTneiWlBues, namely the 
1 5 parted peiiustent ; M^kich in some cases furnishes larpie quantities 
both imbii^d in msti^eree, ns the IHbismu emmabmus (Sun-bemp), 
or twice aBSmy, dieting and fl|a hair, nf the ut 

ascen^ng ; capsule 3-valr«y^ k our distinct species oi uotton are sup- 
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posoil to oxist, viz. : — G, hcrhaccum, the ordinary Indian Cotton-plant 
ff. arboreum, the Indian Troe-cotton ; G. barhad(-mp, to which the North- 
Amerioan Cottons belong, and the Bourbon cotton of India; and G.pertt- 
viamnn or acinninntmn, J*ernambnco or Brazil cotton. The sofnls of 
Goi^i^t/pium (contain a lar^e quantity of almost colourlesn oil, together with 
a brown resinous substance containc^d in special reservoirs, which colours 
llie expressed oil. (Ifom- 

h(U') cannot be spniMuo^mton^Su^iT^iseatoiTuinin^ciisniona iS:c. 
Tlie Jhman (Ihtno zihcfhinm) has an aromatic edible fruit. 
iD^(vlf/f///.so/uVf) has an agreeable acid j nice. 

many arc cultivated in^nrgSSttffl^uia 


stoves. 


Okiiek XXV. BYTTNERIACEyE. The Ciiocolate Order. 

CUm, Coluniniferte, Endl. AU. ^lalvales, Tshull. Coh. Malvnles, 
livnth. ct Ilooh, 

‘DinffmadA . — Trees or shrlibs, occasion nllv clinibors, with alternate 
simple l(*aves and mostly with deciduous stipules; calyx 4-5-lobed, 
\ alvate ; corolla absent, or of 5 variable petals ; stamens hypogynous, 
definite, and opposite to the ’|Mdals oi twice as many, half sterile (stami- 
nodes), almost always inserted into ^cup or tube; anthers 2-celled, 
introrse ; ovary st'ssile or stalhod; of -l-lo carpels round a ctmtral column ; 
♦•mbryo generally in a small quantity of albumen, cotyledons plaited, 

iLLrSTRATlVE GbNRRA. 

Byttneria, Lo-ffl, Scaphopetaliim, MdAt, iVFelhania, Fortik, 
ThcHibroma;, L, Dornbeva, Car, 

Affinities. — This Order is very near Stercnli.'iceaj, with which, indeed, it 
is combined by Ihuitham and Hooker, hut is distinguished by the introrse 
anlluM's, some of which arc usually sterile ; the same organs, being 2-CPllt‘d, 
afford a distinction from Malvaccre, to which they at the same time 
approach; the monadelphous stamens and the absence of^ disk remove them 
from Tiliaccac. Lindley thinlts tliat the freqiumt absence of the corolla 
and the occurrence of sterile stamens indicate a relationship to Kuplior- 
biacem. The stamiiiodos ri^prosent certain portions of the compound ” 
stamen not antherifoPfms (see under Malvacere). Sometimes thjE! Ktaminode 
forms the termiiml^'orat other times n lateral lobe of the primary stamens, 
which in these cases may he compared to a digitate leaf, l^be slanii- 
node ill some cases seems to serve the purpose of collecting and retaining 
the pollen. . 

Distribution. — A small order whose members are natives chiefly of the 
tropics of both hemispheres. * 

Qualities and Uses. — ^These plants ^nerally resemble Malvaccm in 
propeTti(!s. Ahroma and Domheya fiimi^ matenals for cord^e ; Gt(dSitma 
idmifolta (Brazil) has an agreeable, sweet, mucilaginous fruit. 1'he most 
interestingmemher of the Order, however, is the Theohroma Cacao, from 
the fruits and seeds (Cacao beans) of whi(fli chocolate and cocoa ” are 

L 5 
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prepared. A spirit is also distilled from tlio pulp of the fi’iiit. Species of 
many of the genera liave been introduced as groenhoiLse shrubs, but most 
of ibem are nnattractive. Some of the species of Domhei/a are veiy 
ornamental. 


0RDEiriHHttJSSBfiA6tIUdViyiUb<JXbHk8ri!iicuLiA OunisR. 


iumniferae, Emil. AU. Mnlvales, TJndL Colt, Malvales,. . 
Ifeidh. el Hook. 


Diaffnoaifi. — Trees or sliriibs with alternate simple or eonipoiind 
leaves and free deciduous stipules ; flow(‘rs regular or int'gular, frejiiienlly 
unisexual by abortion ; calyx and corolla reseniblinii* those of Man area? 
or petals absent ; stamens monadelphf>us or polyadelphous ; anllu'rs 
2-celled and extrorse; carjiels 5, rarely 3, (distihct or coherent, often 
pedicellate ; seeds very variable. 


iLLxrsTRATmp: Gene ha. 


Tribe 1. STEUcruEiE. Learen 
siinple or palmate : Jl^nvers apetalom 
atid unUesnnl by ahortiori. 

TTeritieria, Ait. 

Sterc.ulia, L. 

Cola, Sihott. 

Tribe 2. IlEj^icrrEUEJE. Ijt^area 
simple ; Jlowvrs perftH ; petals deci- 
duous : stamino(ie>i small. 

Ilelicteres, L. 


I Tribe ."5. Fremontteje. Flmcers 

hermaphrodite ; stnmem conjoined ; 
anthn's o ; daminodes wantimj. 
Fifunoiitia, Hook. 

I Cbeirostemon, L. 

! Tribe4. TTermanniic.e. Flowers 

I hermaphrodite : * petals persistent^ 
twisted in (estivation : stamens di- 
stinct: staminodes wanting. 
llormannia, L. 

Waltheria, L. 


Affinities. — The p(»rfect, 2-celled, extrorse stamens separate the plants 
of this Order from the jNEalvacea} and Hyttneriacoje, the momidelphous (‘con- 
dition from tin? Tiliacese. The Heliderew are midway b(*tween liomhacetc 
and StercuHece, and the Stcrculicrc form the transition to the Jlyttne- 
riacefc. 

Many plants of fliis Order are interesting in structural respects. Dela- 
hechea (Australia), lirachy chiton, mn\ others have a trunk swollen midway 
between the ground and the cr(»wn of the tree, giving the appenrance of 
a huge flask or bottle. Helicteres is so called from its twisted follicles j 
the pods of some SUrculieec open out like leathery leaves with the ripe 
seeds on their margins. The species of Stereulia and Cola are remarkable 
for the variable condition of their seed, some having albumen, others not ; 
the direction of the rfulicle with reference to the hilum is also different in 
different speciesi>r Cola has often three or four cotyh'dons, or perhaps 
two, deeply divided. 

Distrllmtlon. — An Order not very numerous in speeies, which latter are 
natives of the tropics. The SterculiccB chiefly in India and Africa. 

Qualities and Uses.-— Mucilaginous. StercuUa Trayacantha yields the 
gum Tragacanth of Siena* Leone, S. urens a similar gum ; the seeds of 
all the species are oily, like those of Malvacem ; the same properties are 
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‘rt’novn.lly difl’usecl. Sterculm fptffafn and t^illosa yield fibres fit for cordapre 
and woven fabrics. Cola acuminata furnishes the f/ola nuts, greatly 
esteemed bv the negroes for tbeir bitter properties. Chcirositonwn plaia- 
voiflca, the I land- plant of Mexico, lias a reniarkable-looldng flower: the 
tubi* of the Tiionndt'lpbous stamens is split above and spread out, so that 
the anthers resemble five Angers or claws, while the curved style looks 
like a thumb. This and various other plants of the Order have been 
introduced as stove-shrubs. 


X)KiiDEK XX VIT.* 'fTt 1 A Ce iTCime orTTndisn Order. 

Clwin. Coluniniferjc, EndL AIL Malvales. LindL Coh, Malvales, 
licuth, et Jlook, 

IHS4. (rarely herbs) with aliemate usually 

flowe^^^Tlar, hermaphrodite ; calyx valvate ; petals 
ummeamnn aestivation ; sepals deciduous ; stamens usually polya- 
delphous ; anthers 2-colled. 


Fig. 3o2. 


Character, 

Cal If. r of 4-5 distinct or colu^ent sepals, valvate^ in aestivation. 

Corolla oi‘ 4-5 distinct petals, imbricated or wanting. 

Stamem mostly nmnorous, hy]>ogynous, distinct or 
unit(*d in ])areds, soim^times surrounded by the 
enljirgcd bordcT of the disk beneath the ovary ; 
anthers 2-celled, d('liiscing longitudinally or by 
] lores. 

Ov(mf single, many-cclled, composed of 2-10 carpels 
(sometinu's disunited) with the placentas in the 
inner angle (axile) ; ovules few or numerous ; style Fmit of TUiai n, 
1, sti}?inHS=tho «irpol8. ' 

,diy or succulent, sometimes samaroid; many- inpifirtiionmi 
celled or 1 -colled by abortion (fig. 352). ^ 

FJmhnfo erect, in the axis of fleshy albumen, with flat cotyledons 
and radicle next the hilum. 



Illustrative Genera. 

liuhea, Wiffil, Triumfetta, Plum, Grewia, Juss, 

Corchorus, L, Tilia, L. ElaBocorpiis, X. 

Affinities. — Tlie distinct or polyadelphous stamens, the 2-celled anthers, 
and the disk separate these plants from their near allies, the Malvacese, 
Byttncriocero, and Rterculiaceje. From Camelliaceie they difler in the 
aestivation of the calyx, and from Bixacese in the structure of the fruit. 
Various remarkable peculiarities of structure occur in the genera. Some 
specues of Ajmba are said to have 24 cells in tbp frait ; Di^tphractum has 
parietal placentas with spurious dissepiments in the fmit. The polyadel- 
phous stamens of Luhea, and of the American species of TiUoj which stand , 
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in bundles before the petals, are supposed to be instances of chonsin (§140). 
Limes are peculiar in tlie adhesion of the flower-stalk to the bract. 
Grewia has glandular petals ; EUeocarpun has theui fringed, in some spc'cies 
they are absent. 

Distribution. — There are helween three ainl f(»ur hundred specit's, per- 
taining to thii*ty-tiv<* or forty geiuTa. I'ht^ Limes or Lindens ( TUia) are 
trees of tin* noi’theni parts of both hianis]>heres; but the rest of the Order 
are chietly tropical. Triftinfrtfas art* tro]»ical wee'ds with bur-like fruits. 
Qualities and Uses. — Tin* gf'iieral pro]>t‘rtiesaiv the same as those of the 


nlli(?d Oi‘dei s -j 
timber-trees, ai 


iTia SOI lit* Yield eilirile 


Many are valuable, 
fibrous liber of the 
or “biys: ” 


soiiit* yield eilible fruitsT ’ITT 
European 7V//Vc furi.ishes the well-known l»us.>^ian 
various s])ecies of f. W< 7/ oyv/.s‘ furnish fibres in India, t*speciaTly ntpsttfansj 
which aifords « hbre very e.vtensively sub diluted for hemp; 

C, olifontts is iiseSnls a pot-herb. 'Phe bi*iTies of Gron'in xapidtt, tmativa, 
and others arc pleasantly a<id, and an* useil^^^^ving sherbet; and the 
DCTries of some kiruls of Curchnnm and of an? eaten^Various 

species of Liihva ( llrazil) and Grvtna (lOast Indies) 
timber. The Lime-tn'es of Europe ( TiHd t^^ttroprffiy t/rintdifufHtf and par- 
vifiilia) are valued not only for tludr />//«/, hut for their beauty, their white 
even wood, and the fragrance of their blossoms. ]Many of the tro]ncal spe- 
cies, such as Sparmaania nfrivaua^ (itt/plieea t/rewhn’drs. have been intro- 
duced as stove-shrubs. ]lunv1{vmjaJhifolia has large violet flowers. 


OiiDEK XXVIII. mPTERACE-E. 

C/flws. Guttifera*, EndL AH. Guttiferales, f.wu//. 6V<//. Guttiferales, 

Ectdli, et Hindi, 

.*18o. Diaffmhsir , — Large trees aboniiding in resinous juice, with alternate 
str,piigly feather-ribbed leaves ami large eonvoliite deciduous stipules; 
flowers* perfect, the calyx o-hibed, bdH*s inibncati*, unequal, jiersistent, 
afterwards enlarged like wings; ptdals 5, hypogyiious; stann'iis bypo- 
gyiioiis, indeliiiite, distinct, or slightly and irregularly polyadelplmiis ; 
anthers subidale. priMiuc('d nb(»ve; ovary superior, ;b(relled ; fruit 1 -celled 
by sup])ressinii, l-st»eded, and U-valved or indidiiseent, and surrounded by 
the ciilarg(*d calyx, forming a crown above it; seeds oxulbumiuous. 

Tij, u sTR ATivK Gen kr a . 

Dipterocni’pus, (iff rtn. Valeria, L. 

Lryobalanops, (Uf rin, | Sliorea, llaxh, 

(Lophira, Eanlus.) 

Affinities. — ^Tropical trees related to the preceding Orders in some re- 
spects, but in the iiiiliricated calyx and in other particul^ having more 
affinity to the Olusiaceje, from which they differ lu th(i lestivation of the 
corolla and in the presence of stipules. "Their large deciduous stipules 
resemble those of Matpiolia ; hut the most characteristic feature or the 
Order is the enlai'ged persistent calyx, which ff>nns long winged lobes 
crowning the fruit. Some authors separate Lophira as the typo of a 
distinct Order which is in some degi’ee (as in its 1-celled ovary) aifferent 
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both from the Dipltirneojo and the Cliisiaoeic, but may probably remain 
amoiiji’ the former. 

Distribution. — Tins Order consists of ton or twelve j.nuiera, coinprisiiifr 
upwards of a Jiuiulrt'cl s])ecies. Th(?st‘ plants art* hir|re tr(‘os i v rarely 
(diinbing slirubs of llio forests of tropiiMil Asia. Lophira beloiijys to Sierra 
Leone. 

Qualities and Uses. — 'Flie juices yield a balsamic rosin, of whch various 
kinds are importeil. Sumatran hard (lamplior is found in the form of 
c*oncT(*tions in fissiirt's ami cavities of lh(‘ truidc nl' Dri/iihahnopt! Campfwrn ; 
the famphtu’-oil of llorneo and Sumatra ia said to.be. the same substance 
in a frt'slier state. ^ Shoreff rolmda yivhh the Dhoona or Dammar pitch, 
usi*d for inct'ns«; in India. Vaftria //•rZ/VY/ affords the Piney resin or ]*iney 
Dammar of India, sometijiies called Indian Oopal or jriini Animi, larp^ely 
used for nialvin^ varnish. Dqiterocm'pm trincrvin »ind otjier species yield a 
balsam like ( \tpaiha. Ltiphira is called the Scrubby Oak in Sierra Leone ; 
its dry corky bark contains no resinous jui(*e. 

(OiTLJENACEiE Constitute a small Order, consistinjr at present of a few 
shrubs, natives of ^ladajrascar ; I’olated to IMalvacem in having imuia- 
del]flious stamens and an tipicidyx; but the calyx is imbricated in estiva- 
tion, like that of Camelliaceaj <S:c. 1‘laced by Lindley netir Oxalidacese, 
Jlnlsaniinacete, Linacea*, and Oeraniaceie. ) 


VOkdkrXXTX. TKllNSTRO^MIACE/E ok CAMEL- 
LIACE^'E. The (.\vhellta Okdkr. 

dim, Outtiferie, EndL AH. Guttiferalc's, Lindl. Colt. Guttiferalea, 
livnth. (i Hook, 


Diai/noHn , — Trees or shrubs^ with alternate simple leaves and no 
stipuh\s ; flowers regular, polyaiulraus, hypogynous ; si^pals and petals both 
imhricatr*d in mstivation ; staimens more or leas coherent (1-, *‘I-, or 5- 
adelidiousj at the base, and adherent to the bases of the petals; antliers 
5-celh,*d ; .se(»ds few”, sometimes arillate ; albumen little or none ; embryo 
straight or folded, with the cotyledons large and thin, oily, 

Ili.ustiiative Genera. 


Tribe 1. ItnizonoLKJE. 
Caryocar, L. 

Tribe 2. MAiicoRAAvreit:. 
Maregraavia, L. 

Tribe 3. Teunstrcemik.*:. 
Teniati’oemia, L.f, 


i Tribe 4. Sa ur aujeje. 

Sauraja, WiUd. 

I . Tribe 5. GordonikA 
(^oi’donia, Ellin. 
Camellia, Linn. 
Tribe 0. Donnettias. 
Kielmeyera, MaH. 


AiBiiitlefl) &0. — Ternstmuniads differ fi.’om Dixads in their manj’^-celled 
ovary and want of stipules; from Dipte^rocarps in their calyx, which is 
not accrescent, their maiiy-cellod ovaiT, and watery (not resinous) juice. 
From Tiliacem they differ in their imbricat^^ (not vdvate) calyx ; from 
Guttifers in their alternate leaves, usually perfect flowers, long style, 
curved embryo, &c. From Ilypericads they difler in habit, foliage, and 
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iDfloresconce. Throuprli Sauraja tliey are connected with the Ericaceoiis 
genus ClMra and with THlleiiiads. Eurya establishes a connexion with 
8apotace(c\ hut these latter plants have extrorse anthers. The tribe 
MarcyraavwfC, by some considei*ed a distinct Onler, comprises a few 
plants differing from the r(ist of the Order in their aggregatt* flowers, 
introrse, basifix(!d anthers, sessile stigmas, and specially in their very 
peculiar horn-like tubular bracts. The RhiztMece are larger trees, with 
opposite digitate leatherv leaves, with an articulatt*d stalk, and no sti- 
pules ; sepals 5 or (>, more or less (roherent, imbricated ; petals 5-8, inserted 
with the minierous stamens on an lu^pogynous disk; stamens slightly 
coherent, in two (drcles, the inner shorter and oftf^ abortive; ovary 
superior, 4-5- or many-celled, \^dth as many short styles and minute 
stigma.s, eaclB cell w'itli 1 ovule attached in the axis; fruit of several 
combined indeliiscent 1-seedod nuts, with a large ex albuminous seed 
chiefly consisting of an enormous radicle with the cotyledons lying in a 
groove. Tilt* largo palmate h?aves of ( \u'yncar resemble those of \ 

hut here the radicltj, and not the cotyledons, forms the mass of the t'uibrvo. 

Distribution. — The Ternstroemiads constitutt* a rather large fiimily 
distrihut<*d mainly in tropical America and Kasteni Asia; very few arc 
found in Xorth America, and ont; species in the Canaries. 

Qualities and Uses. — Sonic SmiraJoH posst'ss emollient properties. Oor~ 

donift is astringent. hlack t(‘a and 

fueen t^*a are prodnceTnSjrtncsamPpantnScmiT^ in the 

time of lacking and mode of preparation of tlui leaves. The stimulant 
propcrtii's of tea arc due to the ])resencc of a volatile oil and an astrin- 
gent principh*: the nutritive qiialiti{*s to a nitrogenous siibstaiUM* calh*d 
theine. Tlie k*{|.v(‘s also contain caseiin*, which, being insidiible in water, 
•is not utilized by us ; but it is stated that the Tibtdans, after drinking 
the infiLsion, mix the leaves with fat and then eat them. 

Assam tea is the produce of a species, T, Amimwn^ a native of the 
district when(!e its name is derived.^ CametUa Sf^nnqua is used xviih 
Oleff frayram to give flavour and peifume* to Chinese tea; C. oleifera 
affords excidleut salad-oil. Erazi/'ra tliroidtiM is made into ten in Pannnui. 
The Marcgi’aavias liave diuretic pniperties. The Souari nuts of commerce 
are the separated friiit-lohes of Caryovar hUytomm, so called on account 
of the oil m the seeds. The timber of this tree i,s highly valued. Many 
of the plants of this Order are in cultivation on account of their handsome 
flowers, such as the Camellia j of which many Imndred varieties ore grown, 
GordmiUf Stuartia^ &c. 


I 

Order XXX. CLTJSIACE^ or GUTTIFERiE. 

The Gamroge Order. 

Ckm, Guttiferae, Bndl, Alh Guttiferales, Lindt. Coh. Guttiferales, 
Bmth, et Hook. 

387. Diagnosis. — Trees or shrubs, occasionally parasitical, with resinous 
juice ; opposite, coriactious, exstipulate, entire feaves ; flowers axillary or 
terminal, perfect or diclinoua by abortion ; sepals imbricated in 2 or inore 
decussating pa»8, usually persistent and petaltml ;<*«fK)talB hypogynous, 
isomerons with the sepals, sometijues coniounded with them ,* stamens 
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hvpogynoufs, numerous, distinct, or in several parcels, rarely definite, 
filaiiKiiits of various lengths ; antliers adnatc, not beaked, sometimes 
1 -celled, opcminj? by a pore or transverse slit; disk fleshy, sonietinies 
r)-]ob(*d ; ovary supf'rior, 1- or many-celled ; stigmas sessile, pebute, or 
radiates ovules solitary or few on axile placentas; seeds frequently with 
an aril, without albuuicn. 

iLLrSTKATITK GkNMRA. 

Clusia, L. Xanthocliymus, liojh, Calophyllum, i. 

(Jareiiiia, L. Cambodia, Jj. 

Affinities.— This Order is redated to the TTypericaceffi in many respects, 
but may bo distinguisbod by the tro(*-liko habit, the leathery loaves with 
articulated stalks, ilie temlency to a lunary nrrangonien1»of the floral 
envelopes, tlie seeds usually solitary in the cells of the ovary, &c. The 
geTi«*ra with o-uku’ous Jlowers, Arnidea^ Moronoltef ay form a connecting 
link. Tlie relationship to Teiusti-cemimls has been alluded to under that 
Janwly. Tlu^ f Y//,s/Vc art* described as parasitical, overgi’owirig other tr(*es 
and killing them ; perhaps, how(*ver, they arc merelv epiphytic, like Ficm. 

Distribution. — The gtuiera are about twcuity-flve in number, comprising 
souu'two hundred and fifty species, distributed throughout the tropics, 
chiefly in South Aimuica, hut some in Africii. 

Qualities and Uses. — An acrid juice, forming a yellow gum-resin, with 
purgative pro])ertie.s, is one of the most striking cliaractc'ristics of this 
()rder. TIkj various kinds of (lauiboge are the most familiar oxainpl(*s of 
this sid)staii(‘e ; but from which species they are derived appears to he 
doubt f\d. (’eylon gamboge is said to he derived from Ciutwotfia Gutfa 
(lIehradcn(h'on Camhotjwhlvi^, (Irali.); the Pipe-gambog(» of Siam from 
(iarcinia coHun-rhinenaiai (^oorg gamhogo is also from a Oarcmia\ 
(m. vlllpfiva furnishes tlio gamboge* oi‘ SGliet. The species of Clmia yield 
a useful iTsinous juice, as do those of Calophyllum^ C. furnishing 

the .b]ast-Jndiaii resin called Tacamahaca. Pentadesma hutyrncm^ the 
Ihitter- or Tallow-tri*o of Sieiva Leone, is so named from the yellow fatty 
substance which exudes from the cut fruit. Although the resinous juices 
are usually so ncti^'(! in tlieir properties, the fmits of various Clusiaceae 
are not only edilile. hut highly prized for their delicious flavour, llio 
Mammee Apple, or Wild Apricot of South America, is the fruit of Manunm 
afnvami] tiie juice of tin* flowers is fermented and distilled, and the sap 
is made into a kind of wine. The celebrated Mangosteen is the fruit of 
(larchtia Matufontaim (native of Mfilacca) ; other species of Garcinia, as 
G. podmwulataj vonmi, iS:c., have edible &aits. ClmiaJUtva is called the 
Wild Mango, or Monkey-apple, in Jamaica. * 


N Order XXXL HYPERICACEiE. The St. John's Wort 

Order. 

Cl<i88, Guttiferse, Endl. All, Gnttiferales, Lindt, Coh, Quttiferoles, 
Jivnth. et Hook, 
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or convoliitod in the bud ; the many or few stamens polvadolphons, some- 
times with prlands hetwcMui them ; capsule 1-celled, 'with 2^") parietal 
phiceutas and as many styles, or 3-5- celled hy union of the dissepiments 
in th(j centre ; dehiscence septicidal ; seeds numerous, oxalbuminous. 

iLLUSTnATIV’E GeXKUA. 

Hypericum, L. | ramassia, L. (aheiTant form). | Vismia, VeJJoz. 

Affinities. — This Order is not distantly removed from the Clusiacea^ ; but 
the habit, the li(‘rma])hroditi* flowers, usually distinct styles, the want of 
articulation of the p(*duneles and wtioles, the nnmefoua seeds, and the 
5-inerous floral eintdopes j^cnerally afford distinctive marks. From 
Ternstmuniadip they difll'i* in their cymose inflorescence and opposite 
leaves. The dark- coloured jrlands on the bord(?rs of the petals are very 
charact(*ristie here, as also tlu* polyadelphous stamens, which are some- 
times iv<?arded as instances of rfmnsia (§ 1410, but which more probably 
are compournl stamens. 'I'lie •rtmus PanutiiAia differs from the rest of the 
Order in its alti*rnate leaves ami the stig'inas opposite the parietal placentas ; 
but in some sp(*e.i(w of llupvrivnm tbe a.vih' placentas become drawn apart 
duriiifr the ripening of the set»<l, and show their rc'ally nuirjrinal ori«rin ; 
and thf^ irbinds on th<^ petals (d Pania>i<i(r are. probably related to the 
bundles of stamens of llypenriim, is rc'jrarded by some as 

referable to iJroserncea^ ; it forma a link comieetiiifr tbe present Order 
with Cistacofc and, bein^r sometimes pcTiprynoiis, also with Saxifrafracem, 
with whicli latttjr jrrou]), indeed, it is tussocialed by flooktT. 

Distribution. — Tb<*re arc a consi<lerable number of species, distributed 
tlirou^di or 10 ‘reiiera. The plants an? frenerally dispersed throiit,^hout 
the tem]ieraU* and warmer refrions of the «rlobe. 

Qualities and Uses. — When a yellow juice rcsemblinpp that of riusiacom 
exists, it is more or less ])ur}r£itive, ns in some American Htfparica^ and 
still mt)re in tlu^ species of Visniut^ which yield a {yum-resin like »^mbo«ro ; 
that of J \ (Mexico and Surinam ) is known as American Oiimmi 

Outta. 1 11 the I'iUropi'an species of Ihjpfnvum tbe essential oil of the glands 
predominabs over the yellow juice, nn<l tboA'are sometimes used as tonics 
and astriiiirents. //. Androsaimum and the many othf*r native species have 
a strong and p(*culiar odour, espcjcially when dried ; H, hircinum is f(etid. 

(TlEAUMiriiTACK.® consist of n few plants scarcely separable from ITypo- 
ricacem. They liavi^ shaggy seeds with a small quantity of albumen, and 
a pair of appendages at the hitse of the petals. Jlentliam and Hooker 
rerer them to Tarnaricacem, from which they dilier in their solitary 
flowers and floury albumen.) 


Order XXXTI. ELATINACEiE. Water Peppers. 

Class, Guttiform, Endl. All, Tlutales, Lindl, Cdh, Guttiferales, 
lienth, (ft Hpoh, 

^89. annual mariih njthTitoi#rith opposite dot- 

less leaves and membranaceous stipules ; flowers minute, axillary ; 
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sepals and petals 2-5 ; capsule 2-5-ccllcd, with an equal number of 
styles with capitate stigmjis ; seeds numerous, cxalbuminous. 

iLLUsTUATms Geneha. 

Elatine, Z. | liergia, Z. 

AfBnitles, fte. — This little Order consists of a few species scattered all 
over the world, generally twrid in character. Their relations are variously 
regarded hy diflerent authors : formerly they were placed near Ahinece 
in Carvoplivllacea?, from which their iiiany-celled ovary divides the.m ; 
they appear at least equally rcdated to 1*™^ which they 

(lifler in the presence of stipules and the isomeroiia ilowors ; they come 
near to Zygopliyllaeea*, as shown hy J.indley, the transition being eiibcted 
through the genus Anatropa, 

Order XXXIII. SAPINDACE^E. Soap-worts. 

Class, Ac(*ra, Endl. All. Sapindalc*s, Lindl, Coh, Sapindales, 
Bcnth. d. Ilooh, 

oOO. Eiafpiosls. — Trees, shrubs, or rarely herbs, with simple or com- 
pound altiTiiate or opposib* leaves ; liowers mostly unsymmetrical and 
irr«‘gular, the 4-5 sepals and petals imbricated in lestivation; the latter 
often provided with a scale at the base ; the 5-10 stamens insertc^d on a 
tleshy hypogynouR or perigynous disk ; ovary 2-3-celled and lobt^d, with 
2 (rarely more) ovules in each cell; embryo niostly curved or convoluted, 
without albumen. 

iLLX’STnATIVE OkNEIIA. 

Suborder 1, Sai»indea3. Leaves \ ..Esculus, Z. 
tdtvrnafe; ovules tnostly solitanj ; em- Pavia, liwrli, 

hnjo mrvvd or sometinws straujht, \ Suborder 3. Dodoneas. Leaves 
Oardiospennum, Z. j alternate; ovides 2 or 3 in a cidl; 

Paullinia, Z. ! embryo spiral, 

Saipindus, Z. ! Kadreuteria, Lam, 

Cupania, Z. j Ophiocaryon, Schomh. 

Nephelium, Z. , Suborder 4. Meliosmeje. Zcrtwcs 

Suborder 2. IIieroCASTANEJB. ! alternate; Jlotvm vvrtf irregular ^sta- 
Leaves opposite. ; onde^ 2 in a eellj one mens 5, only 2 fertile ; (miles 2 in 
ascending^ the other suspended ; em- eaeh eell^ both suspended; embryo 
hyo curved, toith large consolidated folded up ; fi'uit a drupe, • 
cotgledons, Meliosma, Endl, 

Affinities. — Some authors sepai'ate the Iltppocastanea* and make them 
a distinct Order, on account of the c)pposite leaves and the two ovules ; and 
the Meliornietse. on account of the irrt'gular flowers and drupaceous fruits ; 
hut these distinctions are esteemed insuflicient. These plants are nearly 
related to AceraconD, especially by the samaroid j&uits common here : the 
main distinctions are variable ; lor the two carpels, the opposite? leaves, 
imd the absence of scales on the petals and of an aril may be noted in 
Sapindaceao : from Malpighiacea), which havei samaroid fruit, they are 
distinguished by their unsymmetrical flowers. 
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The peculiar convolution of the embryo is a very marked character in 
many of the Sanindacea', and is very curious in OpMocmyon, the Snake-nut. 
The wood of the stems of some freiiera, such ns PauUinia, Arc., 

presents anomalous conditions from the distribution ot the iibro-vasculnr 
structure's into scweral prroups, so that tin* trunks have a number of false? 
woody axes besides that surriuindinu: the pith, all enclosed in acomnioii bark. 

Distribution. — The niembei's oi‘ this hirpro frroiip arc natives of the 
tropics, especially of South America and India; some occur in North 
America and other temperate recoils; the Horse-chestnut is only 
naturalized in Europe. 

Qualities and Uses. — ^The properties of this Order nrt» very various. 
They take their name from tlie saponaceous principle contained in the 
fruits of species of Saptndusy S. Sapommn A:c., which makes a hither 
with w’ater ; hence the fruits are used for wnshingf both in the East and 
West Indies ; the TIorse-chestnnt, Jlipporaaf-amimy possesses it 

to a certain extent. The fruits of Sapindus are acrid ; and the juice of the 
leaves and bark of some species is iwnsomms, as are the seeds of & 
f/alemts. The fruit and leaves of the American II(»rse-chestnut or Euc.k- 
eye, JEncnlus ohioetm\ are said to be actively poisonous, while the seeds 
of Ai!. llippocastamim are given to sheep in Switzerland. The Pauljinias 
ore very poisonous, from an acrid narcotic principle ; yet P. HorhiUn fur- 
nishes in its fruits an article of food for the llmzilian aborigines, called 
Guarnna bread. Other plants produce dtdicious fruits, such as the 
Chinese Litchi, the Longan and the Kambutan, from species of Nv~ 
pJtelimn; and the fruits of Schmuhlia edulis (Ilrazil), Mviicooca hijuga 
(West fndicjs and llrazil), Pappea ca^wnsUy Vupnnia ftapiduy l^auduna 
subrotunda, SvJdeicliera trijuga, Snpindus escuirnhis, SiC, are all eaten. 

(STAnm.r.ACKiE, comprising a small number of species, were fonnerly 
regarded as reflated to Celastraceje, but are now placf^d near Sapindacete, 
from which they difter chieHy in their stipulate, opposite, pinnate l(*aves, 
symmetrical flowers, albuminous seeds, and stniight embryo.* Tlu*y arc 
o£ little importance ; tlio species of Staphphn are scattered all over the 
world. S, pinnaluy the Bladder-nut, a native shrub, has oily and slightly 
purgative seeds. ^ 


Order XXXIV. ACEllACK.1?. Maples. 


Class. Accra, Endl. AU. Sapindales, Lindl. 


^ 391 . Diaynosis . — Trijcs or shrubs with oppo- 
site leav(js,regular,un8ymmetrical, polygamous 
or dioecious, sometimes apetalous flowers ; 
stamens on a fleshy disk (fig. 353); ovary 
2-lobed, 2-cellcd, with 2 ovules in e,ach cell* ; 
£ruit a double samara, with 1 seed in each 
cell ; seeds vdthout albumen ; cotyledons 
folded, radicle inferior. 

Illustbative Genera. 

Acer, X. | Negundo, B/fc&nch, 


Fig. 353. 

T 



Stamens and 
ovary of .dewr. 


Fig. 354. 


Embryo qf 
extriMtU'd from 
tbt* seed. 
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Affinities.— -Nearly related to Sapindaceas, and placed willi them by 
lli'iilhniii and Hooker, from which, nowever, they ditter in their oppoflilo 
leaves and petals witlioiit scales; allied also to Malpighi acero, from which 
they differ in the absence (ff glands on the calyx, superior radicle, and 
Ollier characters. 

Distribution. — TIhj group consists of GO-70 species, natives of the 
temperate parts of J^hirope, Asia, and North Amenea. 

Qualities and Uses. — (chiefly remarkable for the sap, from which 
abundance of sugar is obtained in spring, especially from A. mcvlumnum 
(North America). Their light and handsome timber is also valued for 
joinery Ac. The park is astringent, and used in dyeing. A, cmupestrcy 
native Ma])h% and A. pscmfo-J^Iatanm, the Sycramore, are common ti’ees 
in Jlritain. Xvgmttln and various other kinds of Maple have benn in- 
troduciul from North America on account of their b(‘auty as ornamental 
trees, especially in autumn. 


VOkderXXXV. POLYGALACE^E. Milk-wohts. 

dhm, Polygaliiijc, EndL AIL Sapindales, Lindl, Coh, Polygalineoe, 
heidh. el Hook, 

302. Vlagwma, — alternate ^ cxstipulate^ sim- 
nl^ljjajjjjs ; im'giiiar nermapnroair^owcrsT^^? diadelphmis orWo- 
iiaaciphmis st anions; the anthers ] -celled, opening at the apex by a 
pore or chink ; fruit a 2-celled, 2-sccdcd pod ; seeds caruiiculated. 

Character, 

Cahfx ; very iireguiar, distinct, often membranaceous ; 3 

1 behind and 2 in front, 

1 anterior and large Qcepd) and 2 pos- 
terior, DetweenTn^migs and posterior sepal of the calyx, and 
often colicrcnt with the keel ; sometimes 5, the additional 2 small, 
and placed between the wings and the anterior sepals on each 
side ; the keel entire and with a fringe or crest, or 3-lobcd and 
without a crest. 

Stamens h 5 ’p(^moiis, 8, i goherent in a tube, unequal and ascend- 
ing ; the tube sjdit ojipbsitc the back sepal ; or 4, distinct ; ati- 
thers clavatc, 1 -celled, and opening by a termind nore^ or 2- 
cclled. 

Ovary compound^ 2-3-celled, one cell always suppressed in some 
cases ; ovules suspended, solitary or twin ; style and stigma simple, 
sometimefl hooded. . ^ 

Fruit vanoiis, dry or succulent, sometimes winged ; gems penau- 

b naked or vrith a hairy coat, a carujiclo next th^ilum; eni- 
straJght or nearly so, jj j. abundant albumen . 
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iLLrRTnATivE CIenera. 

Salomonia, Lour. Monnina, Ruiz Pav. 

PolYfrala, X. Seciiridara, L. 

Mundia^ Kuuth. Xanthophylluni, Roxh, 

Kram(*ria, Laffl. (?) 

AiBnities.— Tho r(dations of the Polyf^alaceiB have been a subject of 
much disciis'iioii ariionp: botanists. I'lits irretrular corolla, somewhat 
papilionaceous in Poh/f/ala, has led to a comparison to Li'fruminosnrj, 
from which, however, they differ widely: moreover tin? odd petal is 
ant<!rior in Polvfjfalads, not ncixt the axis as in lj(‘jruminos!e. The irreffu- 
lar petals, tofrether with the hooded stifniia, have siif^frested a relationship 
to Violaci‘je ; Kramvria has been refernHl by some writers to the (?a*snl- 
pinoous division of the Tie^uminosm. Most authors, however, are airret'd 
that the near(‘st affinity is to Sa}>indiice{e. Kranwria is raised to the rank 
of a distinct Order by "a few writew, on account of the diftere.nt corolla, 
composed of o petals, 4 (often free) stamens, and l-cell(*d ovary. 

Distribution. — A larp-e Order, iKjarlv half the species of which are com- 
prised in the pfoniis PoJi/t/ahf and are very {riuierally distributed; the 
others are mostly confined to pjirticular qiuirteJB of the jtlobe. 

Qualities and Uses.— 4'he plants of this Order | ^re mostly bittpi; and 
acrid or astrin^nmt, with a milky juice in the root.' Th(‘. common Milk- 
wort, P. vu/f/ai'isy and espt'ciallv the form called P. amara^ possesses 
biUpr properties, but iurlt iW” North AmcTica. 

Soulamiu amura (Molucca) is said to be intensely bitter. J]he more 
active sjjccies of Pob/j/nla have emetic, pure’ative, and diuretic properties : 
P. Sencfia, the American Snake-iviot, with P. sam/uitwa and purpurea, the 
Cape P. Serpeufaria, the Europc»aii P. chamfch^us, and the P. crotula^ 
rioides^ oi tluj Himalayas i^c., all show this properly ; and IJgjygglike- 
jjjgyllmmjjed^^ P. w^SiIw3(Java) 

is regardea as a" po5on!7uieproporties 1)^^ conce ntrated. 

P. tirwt^ria (North America) is used in dyein}j;. The bSfWf'HIc root of 

a saponaceous substan<'S!^^d is used*for 
washing. Krameria trianflrn and other s]lieHNif>*«diled lihatany, are 
remarkable for the powerful astriiiprent quali1pi«|iihaM4l^^ gives 

a deep red colour to an infusion, llhataiiy-root is used in medicine, and 
is employed also to adulterate Port wine. 

(TuEMANDRArEJE are a small Order of jdants related to Polygalacere, 
but with a regular, symmetrical flower, valvate calyx, free stamens, and 
seeds hooked at the chalazal end. They may bo regarded as regular- 
flowered Polygalas. Do ^tJandolle placed tlwm' between Polygalacofc and 
Pittosporaceai. They are slight, neathy shrubs, growing in Australia ; 
16 speci^ataye known", belonging to tljg^nfjra Trmmndra^ Tdrathcca.mH 
Platy theca. The.y derive their names worn the porous dehiscence of the 
anthers, and are of no known use.) 
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Order XXXVI. MALPlGIIIACEili:. 

Class. Accra^ Endl, AIL Sapindalcs, Lindl. 

303. Diagnosis. — Trooa or shrubs, often climbers, with usually opposite 
or whorled, rarely alternate leaves ; stipules {jenerally short and deciduous, 
occasionally larj^e and opposite the leaves ; iiowers perftjct, or polyjranioiis ; 
calyx and corolla o-nierous, calyx Avith f^lands at the bast5 of 1 or of all the 
scfrineiits ; pehils clawed ; stanieiLS mostly 10, oftt*n nioiuidtdphous with a 
thickencid produc(?d»coiinective ; carjuds 3, or very rarely 2 or 4, wholly or 
partly coherent, often hi'cled ; ovules solitary in the cells, pendulous from 
lonji^ funiculi ; seeds exalbuniinous; embryo" with mostly convolute thick 
or lealy cotyledons. 

Illusth ati\t? G knew a. 

Malpighia, IHum. ^Jitraria, L. 

Jl^Tsoiiima, Itich. Ihinisteria, L. 

Affinities, Ac. — Tlic^ closest relations of this Order are Sapiiidacem and 
Acerficeaj, from which they tu*e distinjruislied by their symmetrical flowers, 
and ‘j^enerally by the pTands in the calyx, the lonp stalks to the petals, the 
small disk, ami solitary ovule. Some of tin* cliiubinp kinds have stems of 
anomalous structures with several woody axes, without annual rings, en- 
closed in a common bark, or ultimately more or less separated from one 
another. Kitrarioj a penus of saline plants, is sometimes separated as a 
distinct Order. The Order is a lor^e one, coniprisinp many pen(‘ra and 
specit»s, which latter are mostly Tropical-Ainerican. Their propi'rties aiv 
peneraily unimportniit : many of them have been introduced into our 
stoves on account of their showy llowere. The fruits of AJnIpighia glabra 
and jJU 7 imfolia are eateu in the West Indies, mider the name of ilarbadoes 
ClnuTies. Munby supposes the sedative or sonii-iiitoxicatinp drupe of 
Kitraria irulvntata (North Africa) to have lH*en the Lotus of the ancients. 
The bark of most kinds is astriupeiit ; the hairs of some Malpiphias stiup 
powerfully. 

(EuYTTiROXYLACEiE urij bv souie authors separated from the Malpiphi- 
acem on accHiunt of the calyx Ifiiviup no glands, while the petals present two 
membranous plates, on ac’couut of their capitate stigmas, and the absence 
of a long funiculus to the anatropous ovule. They art*, clost'ly allied to 
Linavea*, W'ith which, indeed, they an* associated by Ikmthnin and Hooker, 
but difler in the presence of scales to the pidals, their drupadeous fniit, 
and woody stem. They ai-e shrubs, mostly belonpinp to om^ genus, Ery- 
throxyUm, and found most abundantly in Jlraxil ; but a few are scat tered 
all over the globe. They receive their name from tluj red colour of the 
wood of some kinds, such as Erythroxylon hypericifoUum (Mauritius). 
The most remarkable plant of the Order is E, Cm a, the leaves of which, 
under the name of Coca or ipadu, are largely consumed in I’eni and in 
Equatorial America, to produce a kind of intoxication ; “ Ooca " is said to 
enable the natives to go two or three days without food ; it is mixed with 
powdered chalk and chewed. Several species oi^Erythroxylmi arc recorded, 
and two or three belonging to other Genera.) 
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Order XXXVII. CEDRELACEili. The Ebony Order. 

Class, Ilesperides, Endl. AH, Rutalos, Lindl, Coh, (Jeraiiinles, 
limth, vt Ilooli, 

394. Diagnosis , — ^Timber trees with alternate, pinnate, exsli pul ute bjaves ; 
calyx and corolla 4-45-iii(*rous ; stamens 8-10, distinct, insiTlod in an 
In^poprynoiis disk ; ovary with 4-o cells or 3; ovules! or nnm^, in 2 rows : 
fniit capsular, the valves aeparatiujj from an anguloi* column j seeds Hat, 
winged ; albumen thin or hoiks 

Illustuativk Genera. 

Swietenia, L. | Ilindemia, li, Ur, | Cedrela, Z, 

Affinities, &c. — Nearly ndatt^d to Meliac(*a^, and included in that family 
■ by most nicent authors. The speci(?s are distinguished chi<^Hv Iw the fr»‘e 
stamens and tin; numerous wingtid seeds. Chhroxykm mid FHndvrsia 
have dotted leaves. The plants m*t» most common in tin? tropics of America 
and India. 'J'ht'y have fragrant, aromatic, and tonic proptulit^s, iind their 
timber is valuable. Sirictenia Mahogaui is tin* Mahogany-tree ; its bark, 
and that of Cedrela Toonoy fehrlf aga, and otlu'i* Hpecit*s, are used a.‘ sub- 
stitutes for Cinchona. Cldoroxglon Swivtemn furnishos J^ast-lndian Satin- 
wood ; and an oil called Wood-oil is obtaint^d from it. Oxlega xunthoxgla 
is the Yellow-wood of Australia. 


Okder XXXVlll. MELTACEyE. 

Class, Ilesperides, Endl, All, llutales, Lintll, Coh, Geraniah's, Emth. 

et Hook, 

395. Diat/nosls , — Trees or shrubs with alternate or somewhat opj>o>ite, 
simple or pinnate loaves, without stipules ; Howt?rs sometimes diclinous by 
al^ortioii; calyx and corolla 3-, 4-, or »')-iiK.‘rous ; stamens twict* as many, 
coherent in a long tulic; ahther.s st>sile in the oriHce of the tube; hyiM>- 
gyiious disk sometimes cup-like; o\ary comiiound, lew- or manv-ceiled ; 
style 1 ; ovule.s 1-2, rarely 4 in a cell ; fruit suc.c.uleut or capsular, often 
1-celled by abortion ; seeds not winged ; albumen tleshy or absent. 

IlLUSTU ATIVE ( 1 KNER A. 

IMclia, L, Guarea, Z, 

Ijansium, Euniph, t.’arapa, Aabl, 

Affinities, &c. — Nearly ndated to Cedrclaccm and Auraiitiaccm. A more 
distant affinity is with Sapindacejo and Jtutficefe. The species are nume- 
rous, and ai’tj found in the hotter parts of tluj globe generally ; they possess 
bitter and astiiugeiit properties; st)me are powerfully purgative and 
emetic, such as Caaren Auhletii and irivhilhndvs, Trie/tilia emetivay &e. 
Melia Azedareuh^ the Neem-tree, or Margosa, of the I'last Indies, is sup- 
posed to have febrifugal properties ; its succulent pericarp yields an oil ; 
and a kind of toddy is obtained bj- tapping it. ('nrapa gmtutmsis yitdds a 
purgative oil, wbicli is used als(> fur lamps. Zamium, a genus of tliie East- 
Indnui archipelago, yields an edible &uit called Langsat or Lanseh and 
Ayer-Ayer. 
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ORDi^^XXIX. AUllANTIACE^l The Orange Order. 

Class, Ilcspcrides^ Endl, All. llutales, Liadl, 

390. Diaf/HOSM, — ^Trt*es or shrubs with smooth, frluiidiilar Jiiternate 
leaves, th(» blade jointed to the petiole ; iiowers regular, heriuaplirodite, 
O-o-inerous ; petals and stamens inseiled on an h vpogynous disk ; stamens 
with Hat iilunieiits, distinct or coherent into one or several parcels ; <nary 
niany-cellcd, style single, terminal ; fruit pulpy, often with a glandular 
leatlieiy rind ; seeds without albumen ; embryo with thick fleshy cotyle- 
dons and a shoi*t radieh; next the hilum. 


1l S.USTll ATIV K (1 ENKR A. 

Triphasia, Lour. Cookia, Sotuwr. -'h^gle, Corr, 

IMssoa, Arn, lerouia, Corr, Citrus, L. 

]k-rgera, Kwn, 


Affinities. — The plants of this Ordcir art' by ]icntham and Hooker classed 
as a tribe of and are nearly relat(‘d to tin* Meliacem in the. struc- 

ture of the llowt*rs, and still iiu>re elo.sely to Amyridaccjm. In general 
lhey'*aro distinguishabh^ by the dotted h‘av(?s, with the blade (simple or 
compound) articulated to the petiole, the deciduous imbricated petals, 
anil the succulent fruit. The relation to liutacete is rendered clearer by 
occrarional monstrosities of the fruit, from which some of the caii)els grow 
out like horns. Sometimes a s(;cond circh* of carpeds is produced, forming, 
ais it wi*re, a double concentric* fruit, compariible in some measure to the 
conditions in the Pomegninate, wlu're, howewer, the whole fruit is en- 
closed ill the c*xcavat(Hl r<M*c})taele. The seeds of Orange.s t»ften coulaiii 
two embryos; and they are rc>markable for the developmmit of raniifled 
collections of spiral vess<*l.s at the clialazal end, within the testa, also for 
a peculiar coloration of the iiiiun* coat of the sei‘d in this situation. 

Distribution.— (’ll ii‘ fly l^asi-Jiidiaii plants, but diflused by 'cultivation 
throughout the tropics, ami even in the waiii|Ler temperate regions. • , 

Qualities and Uses.— The most remarkable parts of these plants are 
their fruits; thoseid the genus Ctfnts being amon^^ the most valuable and 
iJRSt-kno ill If Uf i liljl^l ed fruits. 'J’he specie w of Citrus are not clearly de- 
fined, much’ll II . of opinion existing as to the speiritic disliucluess of 
certain forms, which, as in most cultivated plants, ai-eWrtHircwiAise* 


C. AnraHfium is the comnioii »S\veet Omnge; C. llitjaradia or V, rmhfmwf 
the bitter or Seville Orange, semus to be known only in cultivation, and 
is supposed by some to be- a \ arietv of the preceding. C. Benjamia is the 
Mc*llarosa or IJevgaiiiot Orange, which is also regarded os a v/Uiety of C. 
Liiuatfa, the cultivatc'd Sweet Lime; C. avida is the Kast-Jiidian Lime ; 
C, Limouium is tJie ordinary l.enion ; C.jMmia is the Sweet Jjeinoii, cid- 
tivat^Myiyyijj^jjj^^ ; C. nmliva is the Citron ; C. dvemnnna is 

the Shaildock the Forbidden-fruit; C. Pompelmos,, 
pelmooso; and C. japonha the Kumquat. All these fruits have an 
abundant pulp, which varii*s chiefly in the degree of acidity and the 
peculiar aroma ; that of C. Biffuradia is also bitter. The rinS of all is 
fragrant, from the pi'eseiice of imbedded glands containing essential oil of 
aromatic and bitter chariu;ter ; the flowers par^e of the aromatic qualit^r. 
The oil of Neroli o ^jj aiued j&om the flower of C. BJjigradia ; but the oil 
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of the rind is also used for making Orange-flower water. Oil of Berga- 
mot is from the flower and rind of the fi*uit of C, Bergnmin ; hnile de Ve~ 
drat from C. medica ; the essential oil of the Leinon-rind is also largely 
used. The rinds are also valued for thtur bitter and aromatic properties 
when dried or preserved with sugar. The dry rinds of Orange, Lemon, 
&c. are used as stomacliics in medicine, in infusions and tinctures ; tuid 
are also employed in the preparation of liqueurs and cordials, such as 
Cura^oa &c. ; tlie fruit, rind, and pulp, when preserved with sugar, fonn 
‘‘ marmalade," the best being made from the Seville Orange. The acidity 
of the Lime and Lemon depends chiefly on the presence of citric acid, and 
renders them v’ery valuabh; as antiscorbutic agents. Mannoloit has 

a delicious fruit, which, however, is laxative. The rind is used as a ver- 
mifuire. Cooliia pundvda yields the Wampee, highly valued in China and 
the fiast-Indian archipelago ; and the fruits of other plants of the Order 
are eaten. The wood of all the tr(*es is hard and compact ; the folinge 
shares the fragrant character of the fruits, containing abundance of glands 
filled with ai’oinatic, bitter essential oils. The* Orange, Lemon, and their 
varieties are liirgel}’ cultivated in the 8outh of Euroiie in the open air ; 
and in our consei’vatories they are eveiywhere prized, both on accrount of 
their striking appcairance when in fruit and the delicious perfume of the 
flowers. Orang(!- and Lemon- trees are wonderfully prolific of fruit ; and 
the plants retain their vitality with gnait obstinticy when taken from the 
ground and transported to a distance, and when they are multiplied by 
cuttings. 

\ Order XL. LINACEj®. The Flax Order. 

Clasa. Gruinales, Endl. AU, Geraniales, Lindl, Coh, Geraniales, 

' Benth. et Hook, 

397.*i)eVi//wo«w. — TTerbs, or sometimes shrubs, without stipules ; with re- 
gular symmetrical In'miaphrodite flowers, 4 -5-merous tliroughout; calyx 
imbricated; petals convolute in mstivation; staimms 5, coherent at the 
base, often with inten'eiiing sterile stamens ; ovary compound, of about 
as many camels as there are sepals; styles distinct; 
each c.ell divided move or less perfectly into two bvTjy pEe SStuni 

each compartnumt with one seed, h^mngaOTraiglit oilv 
and with, or rarely without, albumen. 

iLLUSTHATm? GeNKRA. 

, Linum, Z, | Badiola, iJillen, 

Affinities. — ^Most nearly rtdated to Oxalidaceio, but likewise connected 
with Caryophyllacefe, Malvaceoi, and GeraniacesB by the general structure 
of the flowers, the coherent stamens, &c. ; but 

the iggim liar structure of jthe capsu l ^ are very disfinctiv^aarKs7"From 
Malpigniacesc they cliiier in their glandless calyx. 

Distribution. — A small Order, generally diflused, but most abundantly 
so in Europe and Nnrth Africa. 

QuaUties and Uses. — Linum catharticum, a native weed, has active 
purgative properties; but ^he most important plant of the Order is X. 
usiUdimmumj the liber-fibres of which constitute Flax, while the seeds, 
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known as yield a most valuable dryinpr-oil, and their cake forms 

an exctellenTinaterial for fatteninjy cattle. I'ho flowcjrs of many species of 
Linum arcj very showy (hlue^ yellow, pink, &c.), but are mostly fugacious. 


Order XLI. OXALIDACE^E. Wood-Sorrels. 

(Hass. (Truinah?s, Endl, All. (leraniales, Lindl. 

308. J')iatpnms. — Herbs, or rarely shrubs or irei'S, Avith an acid juice; 

rtigulnr, symmetrical, litTinaplirodite, 5-nieroua 
Ihiwers ; (^nJTnubficatod, and petals cojivoliite in jcstivation; ^mnens 
]0. j^omuwhat nioiiiMl) 2 lip^ : Ktyles separate ; capsule 6-cell.)d,lS?SRP 
seeded ; gje^^bumi^jjiijTembryo straigJit or curved. 

Illtisthatr’e (Iknera. 

Oxalis, L. I Averrhoa, L. 

Affinities. — Nearly relatcid to Gernniaciw, with Avhich Jlentham and 
Hooker unite them." From Liiiac(*a> they may generally be distinguished 
by their compound leaves and albuminous seeds; but the septa or the 
capsules of that Order afford the most constant distinction. The seeds of 
Oxalk have an elastic fleshy coat, wdiieli o])ens Avith elasticity and expels 
the seed when ripe. Soinc^ regard this as an aril, ot.luu’S as a devcdopineiit 
of the t(?sta. Tne leaves of many kinds are sensitive, especially Oxalis 
svmitim and Averrhoa liilimhi ; but others possess the quality in lower 
degre«‘. O. hniihari/olia and some other specitw have pliyllodes f § 71). 

Distribution. — A iutlu^r largts Order, the members of which are gene- 
rally (lillii'ied in most abumlant in Aiiu'rica 

and a.1 the Cape oTOoodTToperTnesTirim^ bidong to hot climates. 

Qualities and Uses. — The most inarki‘(l propei ty of Qxalis is the mid 
jnjeg, di'pjMidhij? on the presence of tixalic acid. O. AcetosMi, Wooo- 
sorrel, abounds in our Avoods. Arerrlnm liUhnhi^ tlu^ Jiliinhiug, A. Ca~ 
rambola^ the (yarambole of the East Indies, have acid fniits, which are 
eat4m by the natives, hut used chil^fly as pickles by Europeans. Some 
species of hipe tulau's furnishing Avholesonie food. O. crenata 

(Arracacha) is used like potatoes in Columbia; O. Depfivi has roots as 
large as small parsnips. The tuhtu's of O. anthvhnhitiva^ the Mitcha- 
luiteho of Abyssinia, arc said to be valuable as an anthelmintic. Many 
kinds are cultivated on account of the b(.‘auty of their iloAvers. 


Order XLII. GERANIACE^E. > Crane^s-bills. 

Class, Gruinales, Endl, All. Geranialos, lAtidl, Coh, Geranialcs, 
Jienth. et Hook. 

399. Diagnosis , — Herbs or shrubs, with articulated swollen stein- 
joints ; opposite or alternate leaves, and membranous stipules ; regular 
or irregular, symmetrical, hermaphrodite, 5-mcrou8 flowers ; sepals 
imbricated and petals convolute in mstivation ; stamens mostly 10, co- 
herent at the base, the alternate ones shorted and sometimes barren ; 

K 
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carpels 5, adherent to a central prolonged axis (jsaHiftpbore), from 
whicli they separate when ripe by the chistic curling-back of tlie 
segments of the style, carrying away the 1 -seeded dehiscent cocci. 


Glvarader. 

Califx : sepals 5, ribbed, persistent, more or less unequal, imbricated 
in the bud. o-- 

Corolla : petals 5, or rarely 4 (by abortion), clawed, 
equal or unequal, twisted in mstivatiou, s ometimes 
^nemynous. 

^twmens mostly monadeli)hons, hypogynoij|J^,^aJ^ 
some occasionally abortive. ^ 

Ovary of 5 carpels cohering with their long^ styles to 
an elongated eojumn from tlic apex of the recej)- 
tacle, each 1 -celled, 2-ovuled; stiymas distinct. 

Frvit coirii)osod of 5 1-S(?cded carjKds, which sei)a- 
rato below from the central carpophore (fig. 1150 ), 
their ]HTsistent styles curling nj) and remaining 
attached at the summit ; each caq)el bursting iii- 
tcrnallv to discharge its seed; seed cxalbuminous, Fruit 
With a convolntod emhiy o. at biweni. 



iLLirSTUATIVK ( 1 KXEIU, 


Erodium, IlML 
Oeratiium, 


Mousonia, L, 


Many points of aflinity exist with ()xalidac(we, Taiiaceaj, uau 
JialsamiiiHCca!, likewise with TropjcoLactjm, and, hws important ones with 
Zygophyllacoae. The aiTa.iig<*iueiit of iht‘ carpels round a coluniii, the 
palmate leaves of some hinds, the monadelpljoiis stamens, and tlie con- 
voluted embryo cause a good deal of rcacmoltmcc to some of tlie JMal- 
vaceje. The peculiar fruit, the stipules, llie swollen joints of tlie stem, 
and tlie convoluted embryo separate this (Irder from the nearest allies ; 
from iSIalvacea; it may he distinguished at once by the imbricatcjd wsti- 
vation of the calyx, Pelarytmimn is reniarlvable for a spur or pouch t'x- 
tendiug from the base of tlie calyx and adherent to the ixiduncle. Most 
of the plants have aromatic oil contained in glandular hairs, giving a 
musky or.other strong odour. 

Distribution. — The species ai’o numerous. Geranium And Erodium 
belong chiefly to the temperate parts of the Northern Hemisphere. 
Pelargonium at the Cape of Hood Hope, and occurs in Australia. 

One species is found in Asia Minor. 

Qualities and Uses. — Astringent and aromatic properties arc general. 
The common weed G, BoheHianumy had a Ttqiutation formerly, and the 
G, maculatumy or Alum-root of Ameriixi, is a powertul astringent, 

containing a large amount of wnin. The species of Erodium which 
emit a musky odour are said to have similar properties. Some have 
tuberous rooto ; that of Pelargonium triste is eaten at the Cape of Good 
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Hope. The species of Pelurymium are remarkable for the beauty of tbeir 
Howers, which are more or less irregular mid spuiTed, aud ha\’e great sus- 
ceptibilily of iiiiprovcnicntby culture, aud a tendency to run into varieties, 
reiid(iriiig thcuii established “ Horist’s flowers.” JMany of them have zones 
or belts of colour in the leaves. The species of U cranium proper have 
regular flowers without spuis. 


Order XLIIL BALSAMINACEyli. Balsams. 

Qians. Gruinulfis, PmV. AU. Geraiiiales, Liwlh 

400. Diaymsin , — Annual plants with succulent sloins, full of bland 
watery sap ; flowers hermaphrodite, very iiTegular ; sianums o, somewhat 
united ; the fruit niostly bim|iiimel||^^ ripe. Embryo straiirht. 

wglbuminj)^ 

Illusthativk Oknera. 

Iiupaliens, i. | ITj’drocera, Blmn. 

AiBnitles, &c. — This Order is ui*iirlv ridated to ( l(‘raniae,eni, and is includr>d 
in that tiiinily by lUintham and Hooker, but may he distinguished by the 
want of the peculiar carpoplu»j*e of that Kainily, and by the much greater 
inegularity of tins flower; the irregular flower also separates it from 
Oxaliduceio and other allii'd ( hders. 'fhis irregular flower does not really 
de]>art widely from a syminetrical condition it is completely 6-nierous, 
(‘\cept in the siqipression in Ltipafiam of the petal opposite the bract 
(which is developed in Ilydroevra ) ; the two small lateral si pals, the spur, 
and the double segment on the opposite side to the spur form an imbri- 
cated eal\x of live parts; the odd pettil oppOMto the two confluent sepals 
is supp;e.s>ed, and the others ara generally combined into two 2-lobcd 
bodies, but are sometimes fri*e ; in siiigh' flowers the stamens alternate with 
these ; in double culti\at(;d (lowers a second corolline circle of live petals 
sometimes appears in the ))lace of the stamens, and the stamens alternate 
again with tliese. 'J'he structure of the ovary and its mode of dehiscence 
are also deserving of notice. 1'he name of the genus Ivqmlicm is deriv ed 
from the elasticity with which the capsule bursts >vhen toucheil after the 
seeds are ripe. The species niv rather numerous. A few- are scattered 
over the globe ; but the majority are Ksist-lndian. Their properties are 
unimportant. 1. Palnamina is a valued tender annual plant ; i. 
tangcre grows in the north of England ; and 1. fiilva (North America) is 
naturalized in some places in Southern England. 

(VTViANACJHLai! are a small Order of South-American herbs or half- 
shrubby plants, related to (leraniacete, but having a valvate calyx and 
albuminous seeds. Troperties unknown.) 

Order XLIV. TROPiEOLACEiE. Garden-Nasturtiums. 

Class, Gruiiiales, EmU, AU, Malvales, Lindl, 

401. Diagnosis , — Smooth trailing or climbing h/ 3 ibs with a pungent juice ; 
leaves alternate, exstipulate; flowers axillary, irregular, perfect; sepals 

H 2 
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^5, the upper one spurred; petals 1-5; stamens C-10, periwynous, dis- 
tinct ; ovnry superior, of o or 5 caipels ; style single ; stijrnias »r-5 ; 
ovules pendulous, 1 in each ctirpel ; fruit diy ; carpels separating as in- 
deliiscent achenes from a central axis ; seeds lar^^e, exalbumiuous. 

It.lu strati ve G knera . 

Tropieoliim, L, | Cliymoearpus, Don, 

Affinities, &e. — A small Onler of plants, natives of the temperale parts 
of South Anierica, related to Malvacejc and (leraniac^em, and included in 
the latter Family by Pientliam and TTooker. The fr«ius Tropfeolnm con- 
tains the garden Nastiiitiums, or Indian Cresses, notable for llieir pun- 
gent juice, somewhat like that of Cruciferje. Various species hav(* a 
tuherbusjjjg^^^l^ Th(» spur of the 

^aTyx’bi 1 ?ipSfiium is curioiSl^eseinDlinj^hat of Pflnri^juu/n^ but 
free from the peduncle. In some coses it would sctmi to bo a tubular 
process from the receptacle. The flow'ors arc mostly show'v and of great 
variety of colour. Tlie ('’anarv (^rf^eper, T. peroffrinnm or mhuirmn^ may 
he noticed for the powtT of the fiill-growii jdanl to obtain its nniirislmioiit 
apparently almost entirely from the atiiiospliero, and for its climbing by 
twining its pcitioles, like Clematis, 

(liiMNANTnACEAs;. a small Order of >^’orth- American plants, are chielly 
distinguished from Tropjrolsceaj, with which they are associated in the 
family Ovrmnavvap by Jlenthaiii and Hooker, ])y their regular flowers, 
erect ovul(‘s, and the adherence of the stamens to the calyx. Tlu‘ir 
properties an* analogous. JJntmmthvH ((^alift)rnia) has showy flowtu's. 
Flwrkia (United States) is a inert* weed.) 


Order XLV. ZYGOPHYLLACh:/E. Bean-Capers. 

« 

Class, Terehintliinm, Endl. All. Rutales, Lindl. Coh, Oerauiales, 
Hook, el lU'Hih. 

40;^. Diaffnosis. — ^ITerhs, slimbs, or ti'ees with opposite stipulate, mostly 
imparipiniiate, not dotted h'Rver. ; calyx and corolla 4--5-m(U’uus, im- 
bricated in asstivation ; stamens twice as many, liypogynoiis, t*acli usually 
at the hack of a scale ; ovarv simple, surreunaiHi by glands or a toothed 
disk, more' or less deoply^ 4-5-lobed, 4-5-celIt'd; fruit capsular ; dehiscence 
valvular or into cocci ; few-seeded ; albumen sparing or none. 

Illustrative Genera. 

Tribulus, Tournef, Zygopliyllum, L. Melianthus, L. (?) 

Peganum, L. Tjaryea, Cao. 

Fagonia, Tourmf. G|pacum, IHum. 

Affinities. — This Order is very closely allied to nutacoa3 (but differs in 
habit, the scaly stamens, o.nd tlolless leaves) through Pegamtm, which is 
placed here chiefly on account of its stipulate, not dotted, opposite leaves. 
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With Simanibace.TB it ajrrccs in the attachment of the stamens at the hack 
of a scale, but differs in the short styles. Melianthm is an anomalous {jenus, 
which by some authors is taken as the types of a distinct Order supposed 
to have its nearest relations in Geraniacc.^aj and Sapindaceai. They are 
closely relat(‘d to Mfilpighiiicetc, but dilier in thoir glandless calyces, 
scaly stamens, &e. 

Distribution. — The species ar(‘ not vc^ry numerous, and arc chiefly found 
in the wiirm t(‘nipt;rate rt'gioiis of the globe. ZygophyUum and ^Tnhulus 
are espc^cially cliaracteristic of dry regions of ^Igypt, Arabia, and Scinde. 

Qualities and Uses. — The so-cnll(;d gum-resin, Guaiatjum, is derived from 
(huiiacum (yfficinah^Xhii bark and wood of which are also employed as 
dijiphoretic and siuloritic. agents ; O, mneitnn ha.s similar properties. The 
loav(*s of these and of Porliera arc used in place of soap for scouring 
in the West Indies. Tlui rennirkably hard Avood called Lignum Vitae is 
derived from (imincum offidnah or some other species ; all the arborescent 
plants of this Order have (‘xtrenudy luml wood. The flowers of Zyyo^ 
phylhim Fabayo are list'd in the Jilast fttr pickles, under the name of Bcan- 
capci-s. The setuls of Pvyanum llarmahi ani used ns spice in Turkey, and 
also in the pi’oduetir.n of the cehibraU'd Turkey-red dye for cotton. Litrrea 
mt\virnna is Imown by tlie name of the Croasot e-plant. Zygophyllum 
mupwx has a very IkuI odour. 


Order XLVI. IIUTACE^. The Rue Order. 

Chm. Terebinthinjc, Bndl. AIL Ilutales, Lindl, Coh. Geroniales, 
Bmlh, el Hook, 

4(Ki. Diffffnosts . — Herbs or trees with simple or compound exstipulate 
l«'avi?s, dotletl with transparent glands containing aromatic or acrid oil ; 
lh)W(’rs regular, il— j-inerous : the staiiums equal to or twice as many os the 
sepals ; the 2-5 pistils separate or combined into a compound ovary with 
as many cells, sessile or rais(*d on a prolongation of the receptacle (gyno- 
])liorc) or glandular disk ; style simple, or divided below ; fruit with the 
cai’pels eitlujr coherent or stmarutiiig and bursting by one or both sutures ; 
seeds in pairs or solitary ; albumen present or absent, radicle superior. 

Ii^LUSTRATm? Genera, 

Galipea, Auhl Eriostemon, Sl?nith. Barosma, Willd, 

Ticorea, AuhL Gorrea, Srmth. Dictamnuj, L. 

]<lsenb(^ckia, ZT., J?., K. Diosma, Z. lluta, Toume/, 

Boronia, Smith, 

AfflnitleB, &c. — This large Order is sometimes divided into two, Rutacem 
and Diosmeic, the latter including the greater part of the genera ; but the 
distinctions seem insiifticient — the Bonmic€py which have the separlible 
endocarp supposed to be characteristic of DionmetSy having albuminous 
si^eds like IMetp, The Order is connected with Zygophyllacem by Pega~ 
num ; it is related also to XanthoxylacesB, which are perhaps merely poly- 
gamous Rutacem. There is also an aifinity with Aurantiacess (which difier, 
however, in the fruit), and with Anacarmaceas. Correa, with its mono- 
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petalous corolla, neems to approach Ericaoora, to which the Horornivm 
have much roaemhlancc in liahit. From Sininruhacea? and Towdiinthaccw 
Ratals differ in their jrlandnlar leaves and in the nature of the fruit. 

Distribution. — Rnia and its allies are found chiefly in Kuropo and 
North Asia: DUmnn^ k.i\ at the Oane of Good Hope ; Bormiia, 

Erioi^emon^ i^c. in jVustralia; and Galipca, EmiJyeckiaf and their related 
genera in Equinoctial America. 

Qualities and Uses. — ^Generally reinarkahle for a strong aromatic or foetid 
odour, and possessing antispasinodic and tonic properties. Anirostura 
hark is derived from Galinca ofitctnalis, and apparently from G. (Umparia 
(Bonnlmulia frifoKafa^i Mela mho hark prohahly froip some allied plant. 
The hark of Baonherkin fehrifntja is used in place of Oinchona in Rrazil ; 
and that of Ticorea frhnfm/ft is another of the “ Quinas ” of Rrazil. I’lie 
Riickii plants of South Africa are species of Barmnin^ Dht^ma, and their 
allies: their foliage, which is extremely glandular, has a ver^» strong 
odour; and I), crenata, serratiAiJh, and rdlnu’s are used as anti •spasmodic 
and diuretic agents. The leaves and unripe fruits of Rm^ (Bnta (frareo- 
1pn») are antispasmodic, and are also said to be emniemurr>gutJ and anthel- 
mintic: li. montanft is acrid ; and its juice is described as vesicating the 
skin, and oven producing erysipelas and ulceration. The leaves of (hrrea 
alhn. and other species are us<*d hv the settlers in Australia for Tea. Many of 
the Rut'icom are favourite gree^* house* ])lants, such as Bonmin, Eriostemon, 
&;c. ])}riftmnm Fra^vinrlhu a South- Kimipean plant, common in our gar- 
dens, is v(*ry glandular, and it is said that tin* volatile oil renders llu* atmo- 
sphere about the plant inflamuiahle in vei*y hot weather. This account 
requires confirmation. These glandular plants are of course very inflam- 
mable in themselves. 


Order XLVIT, XANTHOXYLACE.E. The Prtckly-Asii 

Order. 

Class, Torehinthinm, Endl. AU, Rutales, lAndl, Coh, G cranial e.s, 
Bcath, et. Hook, 

404. Diafinom. — Trees or .shrubs with alternate or opposite, simple or 
compound, dotted loaves, and flowers resembling those* of Rutaceje in 
almost eveiy respect except that, they are constantly polygamous, and 
sometimes have succulent iViiit ; seeds albuminous. 

Tllttstuative Genera. 

Xanthoxylon, Kunth, | Ptelea, L, 

Affinities. — 'pie Xanthoxylacem are united by some authors with the 
Rutacem; their more remote relations are with Aurantiac(»m and Aiia- 
cardiaceffi, which, however, not only differ in tlujir fruits, but their seeds 
have no albumen. There is a comiderable aflinify to the Euphorbiacem 
and to Eraxinm among Ihe 01eacea3, .7Vc^'O having even a samaroid fruit. 

^ Distribution. — The species are not very numerous, and are generally 
distributed, but are most r^biindant in America. 

Qualities anil Uses. — Pungent and aromatic. Xardhoxylm^ a genus re- 
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preRenttid in North and South America, as well as in India, China, &c., 
eminently possesses these eharacters, its species bcin*? commonly called 
Peppers in their native countries. A". Clam fraxmeum (North Ame- 
riqaj are powerful diaphoretics and sudorifics; X.nitidurn (China) has 
a siriiilar reputation; X. hifenuile (Ilrazil), X. jnperitum (China), &c*. are 
analogous. The unripe capsules of X, llhatsa are aromatic, resemhlinfr 
oraii«^e-peel. Th(» Iruit Plxlea has a strong aromatic bitter tiiste, and 
luLS been used as a substitute for hops. 


Ordru XLVIIIj SIMARUBACEzE. Tue (Quassia Order. 

(*ltm. Terebinthinm, XndL All. lliitales, LincU^ Coh. Geranialcs, 
licidlu et Ilooh 

405. Dtaf/nmiji . — Trees or shrubs with alternate exstipulate leaves, with- 
out dots, usuallv compound ; calyx and corolla 4 5-merous ; stamens 8-10, 
each on the bacli of a scale ; ant hers bursting longitudinally ; ovary stipi- 
tate, 4-5-lohed ; fruit of 4—5 indehiscent drupes round a common recep- 
tjicl^ or capsular or sainaroid, with 1 pcmdulous exalbuminous seed in 
each compartment. 

IlJ.rSTRATTVE GkNKUA. 

Quassia./^. Simaruba, Picrtisma, 

Siinaba, Aihuith us, Z>ca/. Brucea, 

Affinities. —Belonging to the Butoceous group, these plants are most 
cloR»*ly allied to the Zygophvllaceax by the stam(*ns and dotless leaves, 1o 
the Ochuaft'ie by the* de(*ply lobed ovaiy^ — differing from the former in 
the structure of the fruit and th(! number of seeds in a cell, from the 
latter by the absence of a large disk and the dehiscence of the stamens. 

Distribution.- -A small Order, the iiKmibers of which inhabit South 
America, Africa, the East liidi‘!s, and the Malay archipelago. Cneai^im 
occurs in the Medit(UTan**an district. 

Qualities and Uses. — The most striking property is gi’eat bitterness, 
whence they are uscid as tonics. Quassia or Bitt(U’-wood, used as a tonic, 
as a lly-poison, and as a substitute for h(»ps in beer, is derived from this 
family. Qtamia amara (Surinam) is stated to be the true plant; hut 
PtWasma, or nrtena e,rvvha yields the wood usually imported. The 
hark of the root of Sinwmha amara Is used in the same manner. Pruern 
anf.i(Ji//irnterica has similar qualities, and was formerly mistakenly supposed 
to be the source of fals(^ Angostura bark. Simuha Cedrott has a reputation 
for curing sniike-bites ; but recent experiments throw doubt on this. Zl/- 
lanthm tflandidosa, the ** tree of heaven,” is commonly grown for ornament 
in this (sountry ; its leaves aflord nutriment to a species of silkworm. 

(OcirNACF.A3 are scarcely st'parable from Simambacefo ; but the oi'ary is 
composed of caiq)els seated on a large fleshy disk instead of upon a stipe, "the 
elongated anthers often open by pores, and the simple leaves are without 
stipules. The thick gynophoro of this Order affords a close connexion 
between Rutaceie and'Oeraniaceie. The prjoperties are similar to those 
of Simarubaceoe.) 
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(CoRTABTKiE is the name applied to a small group of plants belonpnpr 
to one greniis, Coriaria^ of obscure affinities, plneed in this neig:hbourhood 
by Lindlov, but difieiiiig: from most of the Rutales in th(*ir pendulous 
ovules with dorsal raphe. In some respects they approach Jyii/ttdaccise. 
Thest* plants have dangfcrous propertit‘s. Of C. myrtifolia the leaves, 
which are sometimes ustjd to adulterate S(*nna, are said to ])rodnc.(J teta- 
nus ; the berries are poisontms. 'fhe fruits of other specic*s are said to be 
edible, but th(» seeds poisonous. C. myrtifoUa and ruKiifolia are used in 
dyeings, infusion of the leaves giving a dark blue with sulphate of iron.) 


Order XIJX. PlTTOSPOlUCEiE. 

Class, Frangulaceaj, Tlndl, All. Berberah's, Limll, Coh. Polygalinro, 
lienth. ri Hunk. 

400. Hiaynosi^. — Trees or shrubs, often climbing plants, with altennito 
exstipulate lecaves; flowers regular; calyx and corolla 4 -5-mt*rous, imbri- 
cated, deciduous; stamens />, hypogynous, allornate with Ihe ptjials, 
opcn'ng longitudinally or by fipical pores; ovary fr(*f‘; cells or placentas 3 
or more; style single; stigmas equal to llie placentas ; ovules horizontal 
or ascending; seeds numerous; embryo minute, in fleshy albumen. 

Illustrative Ciicnkra. 

Pittosporum, Soland. Sollyn, Lindt. 

Cheiranthcra, Cwminyh. Billardiera, l^imith. 

Affinities, &c. — small Order, placed by PeCandolle between Polyga- 
lacea; and I'rankeniaci^m, by A. Richard near Riitacem, by Kndlicher in 
the neighbourhood of Rhnmnacem. Idndh'v regards them as near VitaceaL 
F’rom Tremaiidrnc(!ie and Olacncem they dilK*r in their imbricate st^pals 
and petals and their numerous ovuh s. In other points the>' resemble 
Oelastrinojc, but th(\v have no disk and no aril. Decaiane points out an 
aflinity with some bh-ic^nds, as Lcdant. The plants are chiefly from Aus- 
tralia; the ben-ies of liillnrdiara an*, eaten, having a pleasant acid flavour; 
but a re«inous quality pervades the whole Ordc?r. Some of the species are 
cultivated on account of their flowers and coloured berries, as SoUya, BU~ 
lardieraj &c. 


Order L. VlTACEiE. Vines. 

tDiscanlhse, Endl. Alt. Berberales, Lindl. Coh. Oelastroles, 

‘ Benth. et Hook. 

407. JWf//7wo#iR.-- Shrubs with a watery juice, usually climbing by ten- 
drils, with small rcigular flowers, a minute/ truncated calyx with the limb 
mostly obsolete ; stamens as many as the valvalc petals, and opposite to 
them, springing from a di^k surrounding the ovary. IVuit succulent; 
seeds bony ; albumen hard. 
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Illustrative Genera. 

Cissus, L, Plerisanthes, Blum. 

Vitis, L, Loea, L, 

Affinities. — Tho relations of this Order are somewhat complex : a portion 
of the plants are related to Mtdioceie, Celastrineae, and Khamnacese ; hut 
the noar(»st connexion would appear to be to the epifrynoiis ( )rdev Arali- 
aceffi, csptjcially throujrh the Ivy, Hvdera. The clijiracters of the {^roup, 
liowover, are very distinct, in tlie hypof^ynons sliimens opj>osite the 
pedals, and tlie cliinbintf habit. Tlui tendrils by wliich the stems climb 
are flower-brancht'S* often exhibiting a few noduli's representing abortive 
How(‘rs ; in some culti vated Vines the s.jods are constant ly suppressed, while 
the fruit is peidected, as in the varieties yielding the Sultana raisins and 
tin* Zante grnp«‘ or “ Gurrant.” IHerimnilivni^ a .Javan plant, has a very 
extraonlinarv structure: its rnmieroiis barren and fertile flowers arc deve- 
loped on a v(*r\ large foliaceous peduncle having the form of a number of 
divergent ])]{ites set edgewise at the end <»f a long slender stalk ; the fertile 
flow(‘rs and b(‘rries an^ sessile on both surfac(‘s of the laminae, the lodges 
being friiig(!d v'itli stalk(*d barren flowers. 'J'he separation of tlie petals 
at their bases, remaining colienmt above so as to form little 5-rayed stars, 
is worthy of iu»lice in this ()rd(*r. The species Anipalopais^ known ^^as 
“ Virginia ( -rec'pers,” exhibit soim* interesting phenomena, viz. the assump- 
tinn«<if a crimson colour by the foliage in autinnn, and the adaptation 
of their tendiils to fonn organs of attachment to wall%: the points of the 
teinlrils iiisimialt* themselves into little holes and cracks, especially in 
brickwork, and th(‘n ex])and inside the cavities so as to fix thimiselves ah 
tin; stiuienuisf.ms fix their lewis,” or key, into large blocks of stone. 

Distribution. — The genus JlttH, including Ampelopsis and Vissm, con- 
tains a large number of siieciea, natives for the most part of tropical and 
subtropical regions. The remaining genera have only a very few repre- 
sentatives. 1’he Vine is supposed to be a native of the shores of the Ckis- 
pian ; but it has run wild in South Kurope, and is <*ultivatod all over tflo 
world wliere the tcnnperatnre is not too low or too high : in the last case 
it runs away to leaf and does not produce fruit. The stems and roots of 
some of the Chsi of the East Indies are infested by the parasitical Ilafflo- 
sincem and Ihilanophuraceai. 

Qualities and Usee. — The properties of the Vine (Vitis vinifera)^ with 
its inniim(*rablo varieties, are universally known ; the Fox-grapes (Vitis 
vtilpiua and Lnhritsca) of North America have similar properties when 
cnltivat(Hl, hiit are inferior. The benies of the Vissi arc acrid ; f)pme yield 
a colouring-matt<*r. The sap of the stems and leaves generally of the Order 
is sour, containing tartaric acid. 
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Subclass 2. CALYCIFLOILE. 

Flowers usually with a calyx and corolla; the petals distinct, 
springing from the calyx ; the stauK^us perigj’nous or eingynous. 

The character of this Subclass, foiiudi'd on Ihii insertion of the petals 
and stamens upon the calyx, is very artificial, and it is liable to lixception 
in certain genera of Ordt'rs i-eleriible here. On the other hand, it is mot 
with exceptionally in 'i'halaiiiiiloral Orders : and many cases occur wlu'ro 
the conditions are dillicnlt to ascertain. Mm’eover it causes the separation 
of very natural groups of Orders, such as the removal of Ana(rnrdiwem, 
which has both hypogynous and perigynous genera, from the Subclass 
which includes the Kutacea*, in accordance with tJie structure of the 
majority, ihnitbaui and Hooker, appart‘iillv with a view to remove some 
of these anomalies, hav<» proposed a subclass or series which they call 
Diacifiorje, the most important c.haiiict(»r of which consists in the pres(*nce 
of a large disk or expansion of the rect‘])tacle attached to the calyx ^or to 
the ovary, and from which the petals and stamens spiiiig ; it thus includes 
some Thalarnifloral and some CJidvciHoral Ordtsrs. The separation of the 
Perigynous from the hipigynous Orders is rendered impnicticable by the 
occurrence of the two coii(lition.s in one Older, as in liosaccte. 


Okdku LI. CELASTllACE.iTi. The Spindle-tree Order. 

Class. Frangulacem, Endl. All. lUianinales, Lindl. Coh. (i^elastralcs, 
lieMh. et Hook. 

' 408. Diaffmisis. — Shrubs with simple, mostly alternate leaves, and with 
small deciduous stipules ; small regular flowers, the 4-5 sepa's and petals 
imbricated in restivaliou ; stanums as many as the petals and altoruale 
with them, inserted on a disk filling up the bottom of the calyx; seeds 
mostly arillate, albuminous. 

Illustrative Genera. 

Euon 3 rmus, Toumef. Catha, Forsk. 

Cclastrus, Kmth. " Elieodendron, Jacq. 

AfELnlties. — ^llelated to Ilbamnacese, diflering in the imbricated calyx 
and the stamens alternating with the petals. Aquifolitu;eui, a mono- 
petalous Order, is very neai’ly allied ; but the Celastnutem appear to have 
closer relations with some Thalarnifloral Orders, ^gucli as Malpighiacem 
through Uippocrateace®. The fleshy coat of the seed of Etuniymm is 
described by Plancbon as an arillode or folse arillus, arising from the 
margin of the micropyle. 

Distrllmtion. — A large Order, the species of which are generally diflused, 
but more abundant outside the tropics. 

Qnalittef and Uses. — ^More or less acrid, with oily seeds. Eumymus 
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(mropfpm, tho common Spindle-tree of our liedf^tw, is used for j^uiipowder- 
churcoal. The inner hark of E, iinyens is used in dyeing ; the seeds of 
7i. europ€(‘m are said to he purgative and emetic. The bark of CUastins 
scandcm has the same properties. Catha adults has stimulant properties, 
and the leaves are largely us(^d by the Arabs under the name of K(U. The 
drupatreous fruits of Elcaodendrou Kuhu are eaten at the Cape of Good 
Hope. 

(STACKiiousTACF.;Fi are a small Order of Australian plants iiitormodiate 
between Oelastraceie and liiiphorbiaceae ; tlieir corolla is luonopetalous. 

lliFPOCRATEACi'M*:, whicli have hypogynous petals and more or less 
epigynous stamens, are most nearly related to Oelastraceie (with which, 
indeed, they are combiuodby llentham and ITooker), connecting them with 
Malpighiaceaj, Acoraccic, and through Stuphylan with Sapindacjcjc &c. 
They are chietly lSouth-Am(*i*ican trees or climbing shruDS, some with 
edible fruit. 

ChiATi.i.KTiACKuE is anoth(;r small Order, usually placed in this neigh- 
bourhood, but with obscure afliiiities. ChaiUelia ioxicaria has a poisonous 
fruit, called llat’s-baiie at Sierra Leone.) 


Okdjer LI I. lllIAMNACEaE. The Buckthorn Order. 

OUm, Frangulaceic, EudU Alh Rhamnales, LhidL Coh, Celastrales, 
licnth, at Hook, 

400. Bkujnosis, — Shrubs or small tretjs with simple leaves ; small and 
regnhir flowers (sometiuies apetalous) ; the 4-45 perigynous stamens as 
many as the valvah' sepals, and altemaUs with them (opposite to the petals 
when these are prt'sent) ; disk lh;shy ; berry or pod with one seed in each 
cell, albuminous, without an aril. 

Illustrative Genera, 

Paliuriis, Toumef, Ilhamnus, Jms, Ceanothus, L, 

Zizyphus, Tournaf. llovenia, Thunh. Phylica, L, 

Affinities. — The Tlhamnaceoe are clearly distinguished from the Celas- 
tract'ffi by the position of the stamens before the petals. The calycifloral 
condition of their stamens, the fleshy disk, and the separate petals indicate 
grt^at difibrcuco from the corolli floral Order Aquifoliacem, alssjp formerly 
associat(;d with them. Brongniart thinks their nearest relations are to 
the hypogynous Byttiicriaceje and to Euphorbiacem. Some of the genera 
have "free, "otliers adherent ovaries. 

Distribution. — rather large Order, the species of which are generally 
diffused. 

Qualities and Uses. — Some aend and purgative, some with bitter tonic 
propeHies, others with edible fruits. Mhamnus includes R. cathariictis^ 
the Buckthorn, from the berries of which a purgative sypup^is made, also 
the colour termed Sap-green. The dyeing material called French hemes 
consists of the unripe berries of R, infectoriu^ saxatiUs, and amygdalinus, 
Zkyphus has edible fruit, called Jujubes (Z. vidgarisj Z, Jtfftbay &c.). 
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The charcoal made from the wood of S. Franpila is used for prunpowder- 
makin^. Z, Lotm is supposed by some to he the IjoIus of the ancients, 
although others think this was Nitraria (§ The peduncles of Ho~ 

venia du'cts enlar}j;e into a succulent fruit, eaten in China ; other fyonera 
also furnish edible berries. The leaves of Ceanothus amerieanm are con- 
sumed as Now-Jersey Tea, and those of Suffvrctia theeznm are used for 
Tea by the poorer (yliincse. 


Order LlII. ANACARDJACEiE ok TEREBINTHACEJS. 
The Sumach Order. 

Class, Terebinthinaj, Fndl. AH, TUilalos, Ltndl, Coli. Sapindoles, 
Bvnth, eijiook, 

410. Biftf/nosts , — Trees or shrubs with a n'sinous or milky acrid juice; 
dolless nlt(‘riiato b?aves, and small, often polv«:amou8, n*jrnhir flowers; 
calyx small, usually with 5, sonu'times Ji~4 or 7 lobes, persistent ; petals 
equsd in inuiiber to the lob(?s of the calyx, or wantinjr; stamens the .*faine 
number or double or more, insert(‘d bn an annular (hsshy disk, or coherent 
and perijrynous. Ovary single, or rarely of or (J caipels, superior ( rarely 
inferior), 1 -celled; style 1, or .*1 or 4, someliines none; stigmas twice as 
many ; ovules solitary^ on a long funiculus. Fruit indeliiscenl, commonly 
drupaceous; sued without albumen. 

Illustrative Oknkra. 

\ Pistac'ia, Z. Melauorrhea, Wall, Semecarpiis, L, 

Schinus, L, Stagmaria, Jack, Spondias, L, 

llhus, L, Mangifera, L, 

Affinities. -The promimmt dillerential characters of this Order reside in 
the solitary ovule, with ventral raplie and inferior micropyle, or dorsal 
lapho if the micropyle be superior. This Order is related to the Xantho- 
xylacejc in many respects, but dillers in the structure of the ovary and seed. 
jVom the 13ur.st*racem also it is divided by the same characters, although 
SpomUas comiectts them as regards the fruit ; while ihcj same peculiarities 
relate it on the other hand to certain Counaroeem, Itosacem, and Legu- 
minosm. 

Distribution — A large Order, the species of which are chiefly tropical, 
diminishing rapidly beyond the tropics. 

Qualities and TJsts. — x:esinoua Juice of these plants is acrid, or 
violently irritating and poisonous ; it often becomes black in drying. »Some 
kinds, however, yield edible, and even valuable fruits. Anacardium om- 
dentalc, the Cashew-nut, is remarkable for the curious fleshy enlargement 
of the peduncle supporting the nut ; this peduncle is edible, as is also the 
seed wlien roasted ; but the pericarp contains acrid volatile oil. A ^m- 
resinous juice exudes from the wo^, called (4omme d Acajou, which is 
used .when fresh as a varnish. Senievarptis Anaoaidmmy the Marking-nut, 
Melamrrhea uaitalimmaf Stagmaria vemkifluon Ithm vemix^ &c, are 
among the plants furnishing varnishes used in the East Indies, China, and 
Japan for lacquered ware; their juices are white at first, and become 
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bliick after exposure to the air. Mastic is obtained from IHstacia aUaniica 
and 1\ LenWiteijiSf Scio turpentine from P. Tervhinthm j the fruit of *Pistacia 
vera is the Pistachio-nut, highly valued in Eastern (cookery. Mangifera 
indica, with numerous varieties, yields the well-known troni(r;il drupe 
culled the Mango. The Sumachs, species of Rhm^ are acrid ana poisonous, 
aftecting some constitutions more tliaii others, and sometimes producing 
violent erysipelas wlnui up})lied to the skin. P. Toxicodendron, is the 
Poison-Oak of North America j P. vmmaia^ the Poison-Elder or Poison- 
Sumach. P. typhinoj f/lahra, and Coriaria have acid fruit and astringent 
bark, uat*d in tanning; P. Colimm^ which is sonn^timcs grown in our 
shruljberies under *he name of the Wig-plant, from the hair-like nature 
of the sterile tiower-stalks, yields the dye-wood called Young Fustic; 
P. Mvktpimn^ tluj llog-gum of Jamaica, a powerful purgative and emetic. 
tSpondias jmrpurm and JS. Momhin yield succulent fruits eaten in Brazil 
and the \V. Indies under the name of 1 log-plums; S. Cytlhei'ea or dvXck 
aifords a delicious fruit in the Society Islands. 

(Sauiacka^ are a small Order of East- Indian plants, removed by recent 
authors from Anacardiaccje, where they were formerly placed as anomalous 
forms.) 

((^ONXAUACKuffi form an Ord(jr of tropical trees and shrubs, usually 
phu'cd near Anacardiacca.', but destitute of resinous juice, and with ortho- 
fropous ovules ; the fruits are apocarj)ous and follicular. They arc also 
allied to the Xanthoxylacefc. xhe seeds sometimes have an aril; those 
of some species of Omphalohhnn are odibhi. ^I'he Zebra-wood, used in 
cabinet-making, is staled by Schoniburgk to be Ibe produce of a 
species of this genus, O. Ltanbertij of great size.) 


Order LIV. BUllSERACEyE. The Balsam Order.. 

CUiss. Terebinlhiua?, ttiitaies^TImS. Coh. Geraniales, 

Benth, et Hook. 

411. Diagnosis. — ^1'rees or shrubs abounding in balsam or resin, with 
alternate or dotted; 

liowcrs perfect, or sometimes diclinous by abortion ; calyx persistent, 
with 2-5 divisions ; petals and stamens perigynous, outside a perigynoiis 
disk; ovary 1-5-celled, auperi ory ses s ile? in or upon this diski; ovules in 

fruit dry, 1-5-celled, often 
splitting into valves ; seeds exalbuminous ; cotyledons plicate, raviil^rfat. 
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cardiaceflB. The want of scales to the stamens separates them from Sima- 
rubesB. ' Prom Rutals they dilTer in their exalhuminous embryo. Prom 
Aurantiads they dilier in the fruit. 

ZMstiilmtion. — The Order consists of about 150 species^ distributed 
throughout the tropics of Asia, Africa, and America. 

Qu^ities and Uses. — Fragrant resinous juices are the chief character- 
istics of this Order. lIoKicvlUa Jiorihutuhi and tflahra yield the East- 
Indian Olibanum or Frankincense; B. impyrifvra (Abyssinia) yields a 
similar Olibaiium, and has a remarHble inner bark, capable of separation 
into sheets, which are used as paper. Balmmotkndmn Myrrim yi(dds 
Gum Myrrh ; Jlalrn of Mecca is produced hy Bnl». Opokuhamum and Baf^, 
gileademe. Bnk. Mukid yi eld s G oogal, or Ihlelliiim ; B. puhvseem anoth er 
balsam, almost solubhi in water. Amyris hexandra and A, PlumienyiM 
Eleiiii ; the wood of -4. halsamifera is known us Lipnuin Rhodium ; the 
balsam of A. to.nfera is poisonous, ictea Icivariha yields Rrazilian kilenii, 
7. Carana American Ralm of Gilead ; and other species alibi’d similar pro- 
ducts. Elaphrunn fotnmUmmi supplies one, of the kinds of Tueanialiac*a, 
E, ehmiferwn Mt*xican Elemi ; ana Cmwrhnn vommumt furnislu^s East- 
Indiaii or Manilla Elemi. Bursem pamcidatfi (Mauritius) is called Hois 
de Colophaiie, giving out freely when wounded an oily juice smelling like 
turpentine ; B. ymnmifcra yields (Miilxni resin, B, acuminata Resin of 
Carana ; Ilcdwiyin hidsamifern, Reaiime a cochon, used as a substitute for 
Copaiba. The wood of Idea alfissitna is used for canoes in British Guiana^ 
under the name of Cedar-wood. 


Ordeh LV. LEGUMINOS^E. The Pulse Order. 


Class. Leguminosm, All. HoHoleH, Lindl. Coh. Rosales, 

Benth. ci llnah. 


412. Diagnosis . — with irregular, often 
papilionaceous or reguia^iower^^tanieng^O or rarely 5, or some- 
times indefinite, diadelphous, monadclphous, or distinct ; pistil sim- 
ple, free, becoming a legume or lomeiitum; seeds OMalbuminous ; 


leaves mostly alternate, stipulate, usually compound 


Character, 
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Fruit 

the 


Line, lomcntum. ^or rardy a dmT)e : seeds attached to 
1 or many, soinetimc^ith Tm arillna » 


iGZSI^i1!CI 


thc^jier, ^ 

g ^iTO wimout. rarelyj yit 


lihQ ra^cle 


Fi-. 



Tliis larf?e Order is divificd into three Suborders, which are distin- 
guished by the following characters ; — 

1. pAWLigNACEj®^ Corolla papilionaceous, imbricated in the bud, 

wnth the upper, odd petal exterior. 

2. Oorrdla imbricated in aestivation, the odd p(^ 
inside the lateral ones. 

Jl. Corolla valvate in lestivation. 

This vast Order is further subdivided into several tribes, the 
subdivisions being founded on the degree of epbesion of the stamens, 
the nature of the i)od and cotyledons, the leaves, habit, &c. 


OhoTOKoma, LaUU. 
Lupinus, L, 

TJlex, Z. 

Genista, Z. 

Lotus, Z. 
Tiifolium, Z. 


TTaematoxylon, Z. 
Cassalpinia, Z. 
Cassia, Z. « 
CathortocarpuB, Fens, 


Illustuative Geneba. 

1. PAPILIOKACEiB. 

Iiidigofera, Z. 

Olycyn hiza, Z. 
Astra^iis^’Z.'* 
I’isuiu, Z. 

Vicio, Z. 

Arachis, Z. 

2, C.®8AW?«NlEiB. 

Swartzia, WUld. 
Amhmtia, WaU, . 
Jonesia, iZorA 
Schotia; Jacq, 


Omithopus, Z. 
Onobrychi^ Tmtmrf, 
Pliaseoliis, Z. 
Dalbergia, Z. 
’8opho«iy-Z;- 


Tamarindua, Z. 
Copoifera, L, 
Ceratonia, Z. 
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Entada, L, 
Adezumthera, Z. 


3. Mimosea. 

I^rosopia, Z. 
MiniMa,' Z‘.‘» 


* Acacia, WWd. 
IngaH^M 


AmnltlM, Ac. — ^This imnieiiso Ordur proaonts ven^ considerable variety 
of structure within its wide limits ; and but one character is absolutely 
constant, the position of the sepals ; 

MgpgajpB al^gt gtl^r in i\\& Mimo^erc. anoTEclqJnmeisTxcIi^^ 
drup^m DvUJtriimi and iJijita'yx.'y this causes a near approach to the 
llosacese ; but it niav be noticed that when the flower as rof^ulartho fruit 
is luminous, and nee vernii ; and tho anterior position of tfie ndd snnnl of 




s are suppresse 

last fact brings the Order closely into relation with the Anacarcliacefe, 
from which it is not easy^tadistiaguiHh'sonie of the apetaloiis Camlpinme 
at first sight. 

ost a uuive 


f 1 * «Id i mi! 


WO carpels, nowevor, appear to oe. normally present in ^ 
'(fisalplnia (Uffpna] a double ovary sometimes occurs as a monstrosity 
in Wvftana mu‘nsifty in (rMiUchin, and in the French bean (Phasvoftts) j 
and a Mimom with o carpids (thus a symmetrical flower) is said to have 
been seen by St. -Hilaire. The simple legume presents a great variety of 
conditions, both of form, consistence, and dehiscence. Its normal fonri is 
such as we see in tliti gaixlen Pea (tig. ; in Co/f/^cr/.4^ha*Bladder-S(!nnn ) 
it is inflated and numihranous ; in the dorsfil suture turns in 

and forms a hdse sepljum (tig. 36:12) ^nTnSm it is spongy or flei^by : in 
many cases it is woody ; it may be straiglit, or ciiiwed, or ev»*n spirally 
curled (iWjgjT/ctfgg, fig. 301) j in the lomentaceous form it is constricted at 





Fig. 369. Legume of PEncm. Fig. .S60. Lomentoxn of Aearta. 

Fig. 361. Legames ot JHedicagOt ' Fig. 362. Lt>gnme A»UragalvM\ «, entire; 6, oq^ acroea. 
intervals, often breakiug into l-seededjointstfigr*' 300); in Cathm^toearpus 
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it rylindncal ; in the l-seeded ovary doyelopes 

a bony ondocarp anCnicsnyepicM^ and becomes a drape, like jj'* 
the Ainioiid. The dehiscence is equally varied : gJjnngJJy 
bciih au tiiyya open agd senp at(^; in irai ^ojrvMn 

tli(i valvesaSTSreTJrrBe'sutii!^^ the irnaale. In 

(V/;‘?//«V7/«e/iw the valves separate from the suture; in Orm- 
thopm &c. the lomentum ortuiks up, and the pieces either 
open or remain indehiscent ; in Entudn the lomentaceous pod 
is opemed by the valves scpai*ating in pieces. In Cathaiiocaipiuij 
Arachiny Tamarmdmy and other cases jjj^dehisgegcgjjgc^ 
ilU.i and in Caihartociupits and Tama^am a piup is formed 
inside the lejrume. 

J]heimJjJjyitj^^g£^gjeJeav^^ 

^s y'^t^Bn gTBSSrtSs^ it 18 • inoatTemSrKaDie nr tn^ 
llvaymretp^S^^rSnlSF^^ iMnmoditim, &c., and in 3fimoftn ; 
but it exists in a lower dejrree very commoatly, even in the 
Locust-tree (liohhna V»vndo~acacia), 

S [;eable for thu nhvllodial netiolcs. whTci™teirwnoll^e^ Sr floweri of 

. ^ ^ ^ AaaMa. 

Dii|tributlon.— Th(.‘ Order comprises nearly 7000 species. The Papilio-^ 
naceffiiire univt*rsally distributed, but aiv most abundant in warm climates ; 
some j^tmt'ra are widely diffused, others almost contined to particular parts 
of the j^lobe, as Ausii’alia, North or South America, LJape of Good Ilope, 
&c. The QcmdpinituR and Mimoneer are chiefly tropical ; but the latter 
abound teyond this limit in Australia. ^ 

Qualitios and Uses. — This Order contains a vast number of planrs ; and 
amonfj them there is an exceedinfj diversity of properties. ^fhoseVr^ 
mild Tuices nre freouentlv QYr»i>i>riiTifylv rnitinfiniiH wlipn the luices are 
pioyj^QPCty^edrthey becpm^cltiier purgative orlB^oreqL ancTso^ 
^them pqiaoTioiis. ; the poisonous properties occur in all parts, but chiefly 
in tne bpAjs' mu bark. In other n'spccts, they furnish most valuable 
timber, fibres, gums, dyes, &c. In enumerating some of the most im- 
portant plants, it will fee best to take them under the heads of the Sub- 
orders. 

1 . Papilimareer.--A largo proportion of the common foddeMjJ^^ 
as Clover (Tr^oliufn)f Luceni and Medic (Medicaf/o)^^Melui!tus^^^ 
foin (Onohn/clns), &r., belong to this Suborder ; and various other similar 
plants are in use in foreign conn tides, such as species of AHragalmj Cro-^ 
talaria hmeea, Desmodium drffitmm, Indigofera enmaphylla, &c. TJjjj 
seeds of many species are eaten, constituting the various binds of pulse; 
such ns Hrw^ i5eans(j^^ and Scarlet Beans {Phaseolm), 

Peas {PiHum, Ddichos), Lentils {Ervuniy FiWa), Chick-peas (Cfccr), 
Pigeon-peas (Caianus)^ Lupines, &c. The roots of some of these are 
said to be pg jsp^ nja, as those of Phas^lu^^i^ but, as is well known, the 
pericarps or poosaro eaten boiled in the young state. Saccharine matter 
exists in the roots of Liquorice (OlycifiThiza glabra^ with G. echinata and 
glandidifera) ; a kind of Manna is obtained from' the Camel-thorn {Alhagi 
'Manrorum ) ; Astragidm glycyphyUus has a sweet juice. The tuberous 
roots of Eoludm hifteroHus and hudbomsy Ajnos, Puef*aria, and Lathynu 
tuhcrofms are eaten in the same way as potatoes. 

Among the pm^tiv^sgecies ai'e Bl^der-Senna (^Coltdea arhcresc&M), 
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the leaflets of which are often ige d to a j^u l j A^rate tru e ^ enna, and CoroniNa 
Emerm and C. mria : the last w reputed to he poisonous ; ^ arious species 
of Genista^ Cytinm, Ephinia, &c. are diuretic and cathartic. 

The well-known Kino is obtained in Africa from 

Pterocarpm m/iflrccMMnlHi^5ast Indies from T, Marmpnim, Gum Dragon 
from P, Draco, and lied 8andal-wood from P, sntUnlinm. A somewhat 
similar substance to Kino is obtained in the East Indies from the Dahk 
trees (Putea fromlom and sujterha). Erpthnm mnmtfipcrmn yields Gum 
Lac. A few' plants of this Suborder yield frums, such os Tra^acanth, from 
Astragalm t'c nis ^pn'ficm, cridatm^immifcr, and strohilifenta, 

Dves^^arj^S^JjjjjdJJ^^ Indijrr) from IndUjofera tinctorw, 

camSm, Tcpitrosia Apollutea and 

other species j Baptma tinctoria gives jan inferior kind.^ Theffewers of ttie 
BtdotP give a brilfianf orange-yrnlow"* colour ; 

yellow from the pulp of its pods ; Dyer’s broom ( Genista "ii^oria) gives 
li, good yellow colour, and forms a green with Imtis, 

yi^rn^n..mtel anH ,^.f|i1 y ^fordpcl by som«, i» ^se-wood (Palls- 

mnaf e~ot the r^ench ) from various Brazil m n species of T nptqlp nteff, 1 taka- 
wood of (luiatia (MacJi/rriftm Schonitmrpfa), L^irhmu-mJIB ( 
Lahunmni), liocu^t (Jiobima Pft(*ado~acacia ) ; Dalhorpin Smoo and other 
species, and Pterdcarpm daJbcrpioidcfi, are highly valued in th(‘ Eiist Indies. 
Others furnish flbrous substanc(?s, such as CrctaJaria juncea, }ielding Bengal 
Hemp. 

Dipteryx odorata (Tonka-bean 1 and 7). ohifera (Eboe-nut) ^igjised^ij^ 
nejgjmgjj. Tho hairs from the pods of ('Jowllage (^Mncuna prunen^) were 
fonnerl^sed ns an ajithelmintic, The seeds of Adratjalm hmticus are 
used as^a substitute fof and adulteration of coffee in Germany. 

The ^dis^ictly j^konm^njay^ of this Suborder are numerous. The 
of th q ^arlel^iinen5ea^TP^qsco/ff.s muttiflorm'^ and other species 
are narcotic poisons; also the seeds of Eiaburnurii {CuttHm Laht^mn, 
alpinus, &c.), those of Lathynut Aphwa, and, it is said (but denied by 
others), those of Ahmn precatonm (the scarlet seeds w'ith a black patch, 
often used as beads), Anriyyna fwtida, Erntm Er cilia, &c. Indigo is n 
violent poison ; the shoots of various kinds of Tephromi, especially T. toxi~ 
fera, are used to poison fish, as is the bark of IHscidia Erythrina, a powerful 
Geoffroya, as G. vermifuyn and spintdonn, and Andira 
inermiii and retma, having drastic purgative and emetic barks, are acrid- 
narcotic poisons in large doses, uompholuhimn^ an Australian genus, is 
said to poison sheep. Physostiyma venemman furnishes the poisonous 
tekbar bean used as on ordeal by the natives, and in medicine for its 
use in contracting the pupil of the eye'.«= k^MiU aa a powerful nervous 
sedative. 

2. This Suborder does not appear to have any decidedly 

poisonous properties ; but ^ in Senna, 

Cassia obovata, tSennn, d&a^iia, ancT UmceornlTirC^rn and other 

North- American species have similar properties. Cassia or Gathartocarpus 
Fistula has a purgative fruit ; and tho pulp of the Tamarind (Tamarifidm 
indica) shares this quality. Besides the Tamarind, other fruits, less acid, 
are eaten, as the Tamarind Plum ( Dmlium indicum) and the Tamarinds 
of Sierra Leone, which are s]Mscies of (Sdanwwi. Carobs or Algarobas, the 
legumes of Cerakmia Siliqua (alao called St. John s, or the Locust-tree), ani 
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iiR(‘d for feeding horses in Spain, and have recently been imported for 
feeding stock in this country. (Jleditiichia triacanthos bears a similar fruit, 
called ill North America the IToney-l(M*u8t ; the fruit of the AVest-Indian 
Locust, llymtmtsa CXurhnritf is somewhat similar, but is said to purge 
when fresh gathered ; a kind of beer is made frotnr it by decoction and fer- 
mentation. — and 
are sometinifTufiBoin im'ciicnneJTeveiSlcTTDem lanniii|^ncr dye- 
ing, as Divi divi,the pods of tUomlpinia Conaria^ one of the moat powerful 
of known astringents ; the bark of some species of Jiavhmia and Vw^sia 
ai^* used in similar ways. — The dverwoo^are important, namely Log- 
wood ( If(Pmato.n/ftyi vamp(rhiafmm^i5rSSlrW.ood or Pernambuiro-wood 
{Cmalpinia echiunUty hradtiaumi other species). Cam-wood or liar- 
wood {Baphia mtida)^ &c. The West-Indian Ijocuat-tnui (Ilymemra 
Cmtrharil), the Purple-heai't of Guiana pnhiflora and hractcata), 

Mohno,iy1m Brauciia, Eienm falmta^ ^c. yield very hard and durable 
timber. The size of some of the CsDsalpinepus trees of the South- Ame- 
rican forests is said to b(‘ enormous, as much as feeLin circumference 
at the base, where large projc’cting buttn'sscs occur, and 60 feet at the 
coinuK'nccnK'nt of the. clear run of the trunk. 

The bark of Btmhima ramnosa and pairi/lora is used foroMdage in the 
Past Indies. Gum is yielded by several, as BatthwiarmtS^Sa enwr- 
(fittafa in the hJasnmdies. and Pttitecoiohmm (jvmmifvrtim in lirazil. Aninie 
resin is obtained from Jlymnum Com lHQ'ilx Mexican Copal probably from 
an alli< d plant ; Prazilian Copal from various species of this genus, and 
from Travhyhhimn Martiammi ; Madagascar Copal, and nerbaps that of 
tlu» bhist Indies in general, from IJymoncm rerruvom, Jlalsani of Copaiba 
is derived fiom various West-Indian and llrazilian spc'cics of Copmfero-, 
Iklsam of Peru f^jpm Myroaryhm JWeitxe; Ualsom pjLTolu from 3/. tolui- 
fentm. Jloexyhwi Ayallochum yields one kind of Eagle- or Aloes-woodi 
tli(» otJm«fiAmhig fStom- an d ym7mTi<iiii ^ 

6. iWwoaert*. — ^Mgcjyijlg^^ into gum and astringent 

properiies of theTar^Jrprneinosr striking qualities of this Suborder. 
Gumi^cajia and its varieties are yielded by several species of Acacia : — 
Adamomi (Gum Senegal) in West Africa, A, nUoticaKiA 
Seyal (Gum Arabic) in Nubia, A, artdnca, spinom, 
fiedana in the I'kist Indies, A. dc<ufrrimf inollmima and affinis m .. 

The bark of most species niAcada is vorygjtrijggjjJ^ and many kinds are 
used for tanning..ia India; the pods of same 

purpose; and the a^Jj^ngent j^stainai, is obtained by 
extraction with wate^ fro m J;h e hpqr^ >-]j;pfid of Ahat^ ijfffftttfittr Various 
species of Ifiya, very strin g ent, Som^^ast-Indiaii 

Acacias yield oY A aiBl the lai’ge 

seeds' <jf iHfffWffrWB^Wontnin a saponifying sublStBUcdT 'fikline kinds 
oi Mimosa and Prosopis arts .said to have ‘ Acacia 

variamj of Australia, has been called the Poison-tree. It is hardly neces- 
sary to add that a great number of plants from all these Suborders are 

cultivated for the sake of their beautiful flowers. 

« ^ % 

(Mortngacejb form a very an^aloiis jJWWlfT'Bf "A (WP '"4 ^p8W8b"(fRly, 
marked by the following cbaractere : — ^Trees with 2-3-pinnate leaves and 
thin deciduous stipules ; flowers irregular, 6-merous ; sepals and petals 
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petaloid; stamens 8-10 on a disk in the tube of the calyx, the outer 
circle k)metimes sterile ; anthei'S 1-celled ; ovary superior, stalk (?d, 1 -celled 
with .‘1 parietal many-oviiled placentas ; fruit a lonjr 8-valved pod with 
the seeds in the middle of the valves; seeds without albumen. The 
species are natives of Anibia and the East Indies, and have freiierally been 
referred to the vicinity of the liej^uminosae, principally on ac,count of their 
perigyifoiiS Irregular 'flowefsj pintlktc leaves, and* pod-Ultd fruits. The 
structure of the ovary removes them widely from Tjotrumiiiosae, on account 
of the parietal placentation, since, judging from Ilosaoeie, the o(;ciirrence 
of additional carpels in Leg uminosap w^o uld be accompanied by an apo- 
carpous condition, or at leasfHHfHl^^plflbeutiM Diphaca and Casaljnaia 
digymi (Leguminos:n) are in fact described as having Li leguiiK's ; but the 
monstrous forms of Gledii»chia referred to by De Candolle are said to have 
2 coalescent cmrpels. Henccj liindley plac.(\s this Order in the neighbour- 
hood of ViolacesB, and conceives that it approaches PolygolactMU. ( )lhers 
Mace it between Capparidsand llesedaccm, to the former of which Orders 
lit is certainlj*^ closely allied. Tlio root of Moringa fiterytjoaperma is pungent 
land aromatic, resembling Horse-radish. A gum likii Tragacanth exudes 
•from the bark. The seeds are the Ben-niils ; and the oil of Ben was formerly 
highly es teemed fo r perfumery, and for lubricating watch work, on acepunt 
of its Cblil'p!ffftllV% freedom from easily-solidityiug fatty ingredients.) 


Order LVI. ROSACE.®. Tue Rose Order. 


llosiflorre, Endl, All, Rosales, Lindl, Coh, Rosales. Benth, et 
Hook, 

413. Diagnosis , — 

merous (rarely few) aAsSmcrsTaTnenswisor^^ 

1 or many, either quite distinct in the tube 

of the rbceptaclc; seeds (anatropous) 1 or few in each ovary, exal- 
buminouB ; embryo straight, with large and thick cotyledons ; [ 

Character, 


Calyx 


the axis, when 
Corolla : , 
Stamens \ 

Ovaries 


r, i, e. next 




^ rarely absent. 


^ 1-2, or o or nnmcrom» ^ 

« together in the eatcavat^ rocentMle flig.'3B41 or tuhn nf 
ilyx f ovu h s ; styles lateral (ffg. 367) or terminal. 

Fruit : a drupe, an achene, or a dry or succulent cta3rio(fi^. 365, 366), 
or a cynarrhodon or a pome (fig. 368) ; seeds 1 or more, 


This Order is commonly broken lip into several amjaller Orders, 
which we shall characterize here as Suborders. 



CALYCIFLOR®. 

1. Cheysobalaneje. Trees or shrubs with free stipules; carpel 
1 , adherent more or less to one side of the calyx ; ovules 2 ; style 
basilar ; fruit a drupe ; seed erect. 

2. PEUPACEiB or PRUNEiE. Trcos or shrubs with free stipules ; 
carpel 1, free; style terminal; fruit a drupe, not enclosed in the 
tube of the flower, which is deciduous ; seeds suspended. 

3. Pome.®. Trees or shrubs with free stipules ; carpds 1-5, more 
or less united together and with the sides of the flowOr-tube ; styles 
terminal; fruit a pome, 1-5-celled or spuriously 10-cellcd, with a 
crustaceous core or bony sto7ic8 (fig. 305) : seeds ascending^ 

4. llosKJt:. Shrubs or herbs with adnate stipules; carpels free 
from the calyx, 1 or many, 1-celled, sometimes cohering; styles 
lateral ; fruit usually etaerios formed of an assemblage of dry achencs, 
small drupes, or dehiscent several-seeded follicles ; seed suspended, 
rarely ascending. 

5. SanouisOiibe.®. Herbs or undfefghTubiy, aigetglby8,**oftcn^ dTcli- 
nous ; carpel 1 ; style from the suiiTmif orliak' ;*ffuir aSTachenc,' 
siiri^)uiided by the persistent tube of the calyx ; seed 1, suspended 
or ascending. 



Pig. 



Fig. 307. 




Fiff. Soclion of the flower of Jlata. 

Fig. SfiS JDry etojrio of Oeu»h 
Fig. Section of nuoculent etvrio of SiUnu. 
Fig. .W. Ovory of JV«j7ona with lateral style. 
Fig. Suction of the pome of Mespilw, 


Ohbtsobalanilb. 
Chrysobalanus, X. 


iLLVSTBi^IVK GkNEBA. 

11. AMYODALEiB, 01 DEUFACEJE. 
Prunus, X. 


8TBTE1CATIC BOIANT. 


III. POMK^. 

Pyrus, Lindl. . ' 

Crataegus, X. 

IV. Bose^. 

1. BOSiD^. Flower-tuhe Jleshy, 
enclosing the achenes, 

Rosa, Tournff- 

2. poTENTiLLiDiK. Flower-^tube 
hcrhaceom ; fnut an elterio, 

Riibua, L, 

Fragaria, L. 

Poteutilla, L. 


3. i^iRjaiDiE. Fhwsr-inbeherha^ 

ceom a ring of foUicles ; seeda 

fiat winged. 

Spirseai-Z. 

4. QUiiXATJE. Fhwer-tnhe Jicrha~ 
cemis : fmit cajmdar ; seed winged. 

yr Quillaia, Mol. 

5. NEUiiAVEJE. Calyx adhering 
to a ring of 10 carpels: seed pen- 
dulous. 

Neurada, In 
V. SAN(iU;[SORBR.a5. 

Alchoinilla, Tovumef 

Puterium, L. 


AfQnitieai — CkgeljjjljM and, indeed, the only constant 

point of diifhfBpSTo iMiatg m t he uosiilon of t^ od^ sopai—posterior an 

may 1)6 regarded 

MloTTmngainSKDeTwee^Eneljeguminoaje and the Drupaveccj toiadiinp 
that Order especijJly in its drupaceous genera and those with a latehilly 
adherent (mlyx. The Drupaceat have Some alliiiitv also to /Vnacardiweaj’ ; 
Pomete again connect the Ordtu* with the epigynous families, cspectisilly 
MyrtacefB, through Ihmica. Rosere resemble Pomere in many rf*apects, but 
their affinities go out ih other directions; (Jalycanthaeem should, perhaps, 
scarcely bt? separattjd from them, llie Spirmdai^vxy much resemole some 
Saxifragawjje (distinguishable by. their albuminous seeds) ; and the Potefi- 
remind us of the Uanunculacei© in the fruit and the aduate stipules, 
which sometimes closely approach the dilated base of the petiohi or Ra- 
rtunculus &c. ; but Ranunculacece have fdbumen and usually hypogyiioiis 
stamens, though tlie difference in some genera between hypogynous and 
perigynous portion of the stamens is almost imperceptible. Sanguisurhtre 
are. merely a degraded form of Roseee^ whore tne petals and one or other 
set of essential organs are abortive in each ffower. 

.Dirtrlbutioa. — There are uliout a thousand species. The Chrysohahnetc 
are chiefly found in tropical A merica^nd Africa, more rare] y in Asia ; the 
Dmpacece are mostly natives of the tempiiratc? j)arts of the Northern 
Hemisphere, but. are widely spread In cultivation ; the Pomea: also belong 
to the Northern llemisphere ; most df the Rosece and Sanguisorbea belong 
to temperate and cold climates^* nut h few are tropical. 

Quallties^and Uses. — ^The succulent fruits of many of the plants form the 
most strildng feature of this^rdor. Various j>arts of the structure, but 
especially the seeds, yield ntiicfll hydrocyanic acid in the Suborders I)ini- 
pacea and Pomcfe. The bai’lc and root of almost all are bitter and astrin- 
gent, owing to th 6 presence of tannin. Drupacea commonly contain a gum 
(resembling Gum Arabic) in the sap. This gum. is the result of a patholo- 
gical change in the tissues. * 

Most of the Chrysohalanetc have stone-fruits ; that of C. Icaco (West 
Indies) is eaten' under the name of Cocoa- plum. 

Among the Drupacetc we have the fruits: — ^Almond (Amygdalus com- 
tnunis); the Peach and Nectarine (A. persica ) ; the Plum in all its varieties, 
such as Greengages, BuUaces, Damsons, &c. {Pnmus domestica^ spinosa^ 
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and varieties) ; the Apricot (Pnmus arm&nacd ) ; the Cherry ( Cerastis avium, 
&c. ). Cerasua Lauro-cerasm is the common Laurel,” or Clierry-kurel of 
our shrubberies. C, lusitanica the Portugal Laurel. Many of these plants 
contain a cousiaerable quantity of amyt/dalme, causing the foriuatioii of 
prussic acid when they ait* bruised. I'his gives to the seeds of the Litter 
\ariety of Almond, and to all other seeds in this Suborder, a poisonous 
property, which exists also to a great extent in the leaves and shoots of 
the Cherry-laurel, the flowers of the Almond, IVacli, &c. The scjeds also 
contain a flxed oil, wijich may be obtained by expression ; and tliat of the 
Sweet variety of the Aliiioiid is dtwoid of arnyffdaline^ and tLus harmless. 
Pomcoi have succulent fruits, sucli as the Apple, Pear {Pyrua Malm and 
vonuHuniH)^ Quince ( Cydonia iHilyaria), Medlar (Moapiliia tjermtmi^a), &c., 
which liave been brouglit into the edible condinon by cultivation ; when 
wild, they are mostly austere, like those of the Hawthorn {Cmt€egm\ of 
the. Mountain Ash ( Pyrus A ucupand), &c. Tlie seedis contain amygdaline, 
and therefore yield prussic acid ; as do also the flowers, bark, and root of the 
Mouutaiu Ash. Quince-st‘(ris ai*e valuable for the mucila^ thc^y contain. 

• The Poseoi yield edible fruits, such as the llaspberry and JJlackberry 
(Pabwf idepm imd fruticosua) and the Strawberry (Frayaria elatior, vcsca,' 
&c.). The petals of lioses yield the essential i»il called Otto or Attar of 
Roses. Kousso {^lirayera twlhehnmf ica) is us£m 1 as a vermifuge. Most of 
the Posvo! have astringtuit bark and roots ; sonu* nx<! unwdioleaome. /SWn- 
tpmw'hea^ have astringent prop(*rties similar to Home, (^nllaire contain 
in their bark a saponticcoiis principle, which readers them useful for clean- 
ing silk fabrics. ^ 

(CALYrANTiiACEJU foriu a small Order, consisting of slirubs with oppo- 
site entire leaves, without stipules ; sepals and petals similar iind iiidolinite ; 
anthers adnate and extrorsej cotyledons convolute ; .othenvise likeRosacom. 
The species are natives of Kortli America and Japan, aiid are chiefly re- 
markable for the peculiarity of their tlond envelopes, the coloured bracts 
of the peduncle passing insensibly or undistijiguishably into the cahTc, and 
this into the corolla j the segments of. both are inserted on a fleshy tube 
supporting the stamens ajid suiTounding the car})els ; con^'oluted cotyle- 
dons are only found in one Rosaceous plant, Chamceimlca (ib?wwc), hut aie 
characteristic of Conihretnccai. Calycaiitlis stand between the Rosacete 
and the Myrtacem, mid have, perhaps, a distant resemblaiice to Magnoliaceas, 
like that of Rosaceiv to Rauuuculaccm. Raillon places them with Moiii- 
miads. Their .wood is curious, tin? stem having four false woody axes 
around the real axis, giving the stem n quadrangular character. The cliief 
property is fragrance of the blossom. ClUmmanihua produces yellow 
flowers upon thi*. leafless branches during the winter. Qiuycantlmi floridm 
has an aromatic bark.) , , ‘ 

LVII. MYRTACE^E. The Myrtle Order. 

• f „ . 

Class, Myrtiflorm, EndL AU, Myrtales, Imdl. Coh, Myrtales, Pmth, 

et Hook, 

414. Diagnosis , — ^Trecs or shrubs with leaves opposite or alternate, 
entire, usually dotted, and with a submargiual vein ; flowers usually . 
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axillar}% polypetalous or apctalous ; calyx adheront, 4-5-clcft, val- 
vate or imbricate, sometimes falling oif like a cap ; petals 4-5, im- 
bricated; stamens 8-10 or numerous, rarely 4-5, distinct or jioly- 
adelphous ; ovary 1-, 2-, 4-, 5-, or G-celled ; style and stigma siinj)le ; 
placentas axile ; seeds usually indefinite, exalbuminous ; fruit dry 
or succulent, dehiscent or indehiscent. 


Illustrative Genera. 


Tribe 1. LEPTOsrERMEAS. Fruit 


IVIelaleuca, X. 
Eucalyptus, Ilerit. 
Metros! deros, It Br. 
Baeckia, L. 


Tribe 2. Myrte-e. Fruit hat 
cate, f 

Piinica, L, 

Psidiuiii, X. 

Myrliis, Tuurnef, 
Eugenia, Michel, 


Affinities. — ^Thia Older is nearly related to the Rosaccro on the one 
hand, and to the Melastoinaceije, Lythracere, and Onagracofc on tlie oth»^r. 
The Lecythidaceaj, the Chainaelauciacea?, and some other suialler Orders 
mentioned below are often combined with the Myrtaceai; but as the 
plants belonging to them are less int(?resting, or less fri'qiiently seen, it is 
convenient h(u*e to exclude tliem. in oider to retain a very deKnite characbn* 
for the iMyrtacea) proper. This Order is generally known among epigy- 
nous forms by the Vein rnnning round within the margin of the simjile, 
entire, and mostly opposite leaves, uniting with the midrib at t)ie end, 
together with tlwj transparent glandular dots and tin* absence of stipul(.*s 
and of appendages to tin? anthers. Tlie fruit of Ptmicu is very curious, 
and preseiks unusual conditions — a double circle of carptds, whicdi by the 
mode of growth of the excavated receptacle come to be placed one abo\'o 
another, so as to pres<nit two tiers of loculi in the fruit. Tht‘ real nature of 
the structure maybe coiiceivcjd by comparing it with the Rose, and by 
supposing the aclienes of the latter to become enlarged loculi containing 
pudp. Bentham and Hooker put this genus into Ly thracie® ; but i ts ailinities 
seem ratlier with Mvrtles, of which it forms an anomalous genus. 

Distribution. — A large Order, the members of which are distributed 
throughout tropical and subtropical climates. 

Qualities and Uses. — Generally aromatic from the presemeo of a volatile 
oil, some astringent, and others yielding gums or saccharine juices. The 
Myrteae are remarkable for their ai’oinatic properties : thus Caryophyllm 
aroniaticii^ furnishes the Cloves used for spice?, consisting of the dried 
unopened flower-biids ; Fttyenia Pimenta and F, aerk Allspice or Piintmto, 
consisting of the dried fruits : the buds and berries of the common Myrtle 
were used in a similar manner by the ancients. This tribe also affords 
excellent fruits : the Guavas are yielded by species of PAulium^ chic^fiy 
poimferum and pyriferum\ the Rose -apples hy Buy mia malaccenidH, 
aqueat &c. ; the Pomegranate, Pmica Grqpatum^ the lind of which is a^o 
valuable for its astringent properties, which cause it to be used both 
medicinally and for tanning. Among the Ltptoftpermeeef the Cajeput, 
MekUeuea CajepuUf is well known for its acrid volatile oil, obtained by 
distillation from the leaves. MetronderoB is a genus some of the species 
of ^hicfii form yezy striking features in the vegetation of New Zealand, 
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M, huxifoUa and other species, called Aki, Rata, &c., overgrowing trees, 
like the Mtms indica^ and themselves ultimately becoming exceedingly 
Jiard- wooded trees. The Eucalypti of Australia are still more remarkable 
in many respects : some of thcmi attain a height of 200 feet or more, and 
a diameter of 10 to 15, rising to 100 or 150 feet clear of branciies. The 
h;n'k of some of them sepamtes in fibrous layers, whence they have derived 
the common name of Stringy-harks. They are also called Gum-trees, 
from containing a gummy or saccharine sap, occasionally of astringent 
character. E, robusta secretes a red gum in the interior of the trunk ; 
from E, mannifera a saccharine substance, like manna is obtained. E. Ounmi 
yields, when tapped, a sw(!et fluid, which is fermented into a kind of beer. 
E. rvainifera furnishes an astringent substance known as IJotany-llay 
Kino. Other speciea also contain a suflicient quantity of tannin to he of 
commercial impoitance. The leaves of some species of Leptmpermum and 
Miialeuca are used for Tea in the Australian colonies. 

Many of the Myrtacu^ae are cultivattKi on account of their beauty. The 
common Myrtle, a native of Pei*sia, naturalized in Southcni Europe, bears 
our winters, and flowers out of doora in the south-west of England, li 
allbixls many beautiful varietit^s in cultivation. The species of Metromhros^ 
CallUtvmoHy sometimes called Rottle-hrush plants, have very curious 
and jfhowy blossoms. The romegituiato flowers and fruits in sheltered 
places, and bears a very brilliant blossom. 

(LricyTHiDACEJW are chiefly distinguished from the Myrtacoae (wdth 
•which they are uiiit(*d by Jlentham) by tlie dotless foliage and thtJ hood- 
like petaloid plate, consisting of concretti stamens, covering the middle 
of the dowtjr. The species ai’e usually large trees ; their fruit is very re- 
markable, consisting of a laigc! wmody cose, the top of which sometimes 
separates like a lid whence they have been calle^ Monkey- 

pots. They are chiefly found in Guiana and Brazil. Tho Brazil-nuts of 
toniinerce are the seeds of EirthoUetia exceisa, and are formed inside a 
large round woody seed-vessel. Cmrmpiia yuwnttuiisy the Cannon -hall 
tree, yields a fruit containing h pulp agrt^eablc -when fresh ; tho shells, 
like the “ pots ” of Lcafthm^ are used for domestic jpurposes. The 
hark of Lecythis Ollaria and other species is separable into fine papery 
layers, used* for wrapping cigara. Z. Ollaria is one of the giants oi the 
Brazilian forests ; its si'cds are called Sapucaya-nuts.) 


(BAiiiiiNaTONiACE^ 01*0 a small Order of tropical trees and shrubs, 
placed by most authors among or near the Myrtacese : their foliage agrees 
rather with that of Lecythidacem, although without stipules; hut their 
flowtTs are destitute of the hood. The structure of their seed&has been 
misunderstood : they are destitute of albumen, and consist chiefly of a large 
axis with minute cotyledous. They apneor to have daSigerous qualities. 
Ilumholdt and Bonpland relate that when the fruit of Gustavia ttpedosa 
is eatem by children their skin becomes yellow, but the discoloration dis- 
appears iu a day or two without any treatment. Earringt<ma and Gus- 
tama are met with iu cultivatioh as large and showy stove-shrubs.) 


(CnAMASLAUCTACKiE are a group of Australian shrubs, of heath-like 
a<«pect, distinguished from Myrtaceae proper chiefly by the fringe of scales 
or bristles which frequently s'urrounds the tube of the calyx (whence the 

K 



STSTEKAnC BOTAKT. 


nameof Fringe-myrtles), and by tho 1-celled (rarely 2-seeded) ovary. They 
have no known utility. Genera : ChanuBlaummij liesf. ; IkrnwWo, lllIdgt^ ; 
CahftriXj Labill. Some of the species are very ornamental as greenhouse 
plants, as the Darwmias {Hedanmia) &c.) 

(BELVisiACEin consist of a few species of handsome shrubs, belonging 
to the genera Napol4nitia, Palis., and Aat-et'anthoHy Desf., formerly supposed 
to be related to Cuciirbitacere and Passifloracero, but apparently only 
forms of Myrtacea) reniarkahlo for the several concentric giniio}K‘taluus 
circles of the corolla (or crorona), the i)olyailolphous stamens, and Hat 
stigma. Napftlema imptitiaUs forms a largo "fruit, with an <»dibl(! pidp and 
a rind containing mnch tannin. The structure of the flower is curious 
and interesting. They ai'e natives of tropical Africa and Brazil.) 


Order LVIII. llHlZOPIIOEACEiE. Mangroves. 

Ckm. Calyciflorse, Endl. AIL Myrtales, Lindl. Coh. Myrtales, Bavth, 

et Hook, 

416. Diagnosis . — Trees or shrubs growing on muddy sea-sJiores (fig. ol»0), 
with opposite leaves and deciduous convolute iuterpetiolai' stipules ; 

Fig. vm. 



flowers with an adherent calyx, 4-12-lobed, the lobes sometimes coherMt, 
valvate; petals equal to the calyx-lobes in number, spriiigiiig frpm^o 
calyx ; stamens perigynous, twice or thrice as many as the petaJs ; ovary 
2-, 3-, or 4-celled, each cell with 2 or more pendulous ovules j fruit 1 -seeded, 
crowned by the calyx ; seeds exalbuminous, germinating and forming a 
very long root before the fruit falls from the tree. 
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iLLXTSTllATn'K GeNERA. 
llhizophora, Lam, | lirugiiiora, Lam, 

Afiiiiitics, &c,— This small but inter* *8 ling Order consists of about 20 
iSpccics, of very distinct habit, but somewhat complicated in their tiiliiii- 
I it‘s, agr(^eing with tlm Myrtacefo, Melastomaceic, Vochysiaceaj, and (^in- 
breta(!eie in many respects, while there is a relation with Lythracejo, 
Ouiioniaijeae., iJtc. in otht^rs ; Endlicher, as well as Hentham and Hooker, 
place liere CasHpoarea and Lctpiofisy which conin^ct this Order with the 
last two; I jindley refers the Vaasipourece or LeyaGlidce to the Loganinl 
Alliainre. 

The striking featu^3 of this Order is the germination of the seeds within 
the fruit while still aittielied, the roots usually tlesetmding to the mud 
,‘ind establishing themselves before the pliinmlc (*merg(*s. The trees also 
continually sernl out arching adventitious roots, which strike and become 
m*w trunks, lilce. those of the Fimn ituUca, forming the Mangrove-swamps 
of tro})ieal eatuuries. The fruit of lihisitphora Mamjh is edible. The 
bark is generally very astringent in this family. The wood of the radicles 
contains curiously branched wood- or libor-cells. 


Order LIX. VOCIIYSIACEJE. 

Clau, Calvciflorm, EmU, AU, iSapindales, Lindl, Coh, Polygalinm, 

410. IHaynom, — Trees or shrubs, with resinous juice imd mostly oppo- 
site entire ieav<'s, with glands or stipulcis at the base; flowers perfect, 
irregular; calyx iiud corolla imbricated, of unequal pieces; stamens 1-5, 
usually opposite the? petals, arising from tlnj bottom of the calyx, mostly 
only one fertih*, with an ovate 4-ceJled anther; ovary free, or partly ad- 
htueiit, .*l-(u*lled, with axile. placentas, or J -celled with 2 basilar ovules; 
seeds usually winged, without albumen. 

Ielustuative Geneha. 

Qualea, ] Vocliysia, Jaw. | Siilvertia, 

Affinities, fte. — small Order, the members of which are natives of the 
oquinoctial i-egioilS of America, and are known chiefly as timber-trees, 
often with largo showy blossoms. Their afliuities are ohscufo. Some 
autliors regaixt them as related to the Ulusiacem, others to the Violaccm 
and the Ikdygalacem, near wliicli latter they are placed by Beuljiam and 
lJook(!r. On account of their calyciflorous sti*u€ture they ai'e usually 
placed near Combretiicem. 


Order LX. COMBKETACEiE. 

ijum, CStfycjflonB, I^dl, AU, Myrtales, Zmc//. Coh, Myrtales, Benth, 

et Hook, 

417. IHaynom , — Tixios or shrubs, with alternate or opposite, exstipulate 
leaves, not dotted; flowers perfect or diclinous by abortion ; calyx adhe-^ 

1x2 
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rent, with a 4-5-lobed deciduous limb ; petals 5, calycifloroiis, or absent ; 
stamens perigynous, 6, 10, or 15, mostly 10 ; ovary 1 -celled, with 2-4 pen- 
dulous ovules ; style and stigma simple ; seeds exalbuiiiinous ; cotyledons 
convolute. 

Illustrative Genera. 


Tribe 1. Termtnalie-*:. Usually 
apetaknm ; cotyletlmis coni'dttte, 
Bucida, X. 

Temiinalia, X. 

Pentaph^ra, lloxh. 

Tribe 2. C/OMBReteje. Corolla 
present : cotyledms pUnied. 


Gombretum, Uiffl. 
Quisqiialis, Humph. 

Tribe 3. Gyrocarpka?, Apefa- 
Imts; cntylvdons convolute; anthers 
hurstiny by recurved valves, 
Gvrocnt*pus, Jacq. 

Illigem, HI. 


AfOnlties. — Related to Myrtacem, especially through Puniea, but distin- 
guished clearly by the unilocular ovaiT and 1 -8i‘(id(‘d fruit. The structure 
of the. flower allies the Order to Onagracea', and Uhizophoracere ; the ape- 
talous forms approximate in some degree to tlie Sautalacem and Lau- 
racem. 

Distribution. — ^An Oi’der comprising upwards of 200 species, generally 
distributed throughout the tropics. 

QuaUties and Uses.— The general property is astringcncy. The bni-ks 
of liue.ida liueeras and Conoearpus rneemosn and of various Termintdire are 
used for tanning. The fruit of Terminalia helerieUy the Myrobalan, is 
astringent and tonic. A kind of gum is obtained from the bark of T, hele- 
rtca and Vomhretum altemifolhnn. T. Jtenzoin has a milky juice, which 
hardens into a iragrant gum-resin, used as inc(»nse in the Mauritius. The 
seeds of T. Cntnppa are eaten like almonds. Many of the ])hints are valu- 
able timber-trees; and a number arc cultivated on account of thedr showy 
flowers. 


('Alaeoiacejb are a small Order of exotic plants, timber-trees, or shrubs 
allied to Combretficeaj, but having albnmuious seeds with large^ leafy 
cotyledons, and there are diflenmetjs in the corolla and staim^ns. Tdndley 
considers the plants related in some dtsgree to MjTtaceje, IMolastomacrete, 
and Ouagracoa;, but, with Endlicher, thinks *that, after Oombretacrea), their 
nearest relatives are probably Comacece and llamamelacefle ; Bentham and 
Hooker group them with Coniaccje. The succulent fruits are edible, but 
the plants on the whole are. of little importance. Genera : Alanyium^ L. ; 
Marleoj Roxb. : Nyssa, Gronov., &c.) 


Obdeb*LXI. MELASTOMACEiE. 

Class. MyriiflorsB, Emil. AU. MjTlales, LimU, Coh. Myrtales, Benth. 

d Hook, 

418. Diagmsis. — Myrtle-like plants, w'itli oppo.«ite curved-ribbed leaves, 
showy flowers, definite stannms with remarkable appendagod .anthers, 
bursting pores at the apex. Seeds ver}’ numerous, minute, ex- 
albuminous. 
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Illusthative Gexkba. 

Oentvadenia, Don, Rliexia, Nutt, Miconia, DC, 

Melastoiua, L, Medinilla, Gaudidh, Memecvloii, L, 

Oobuckia, L, Soiierila^ Itiixh, Mouidna^ Juss, 

Afiinitlei. — larj^e proportion of these plants are distinffuishable at first 
sight by tlie several large curved ribs running from the base to the apex 
of the leaves; but this character does not hold in Memevyhn or in 
Mouririd, In Memveyhoi^ also, the usually flat cotyledons are convoluted, 
as in Combretaceui and exct‘ptioiial Myrtac(;ro ; Moiiriria has the ribs of 
the leaves incouspicaoiis. The most striking character of^ the flower lies 
in tlui stamens with their oddly bi'akiHl anthc^rs. lint the Order difiers 
from tht* Myrtaceje also in the contorted {estivation of the corolla. 
On the other hand, they are allied to the Lagcrdra^mieeB among the 
Ljrthracete, from which, however, the imbricate or twisted SBstivation 
of the calyx and the chai'acders above noted sufiiciently distinguish 
them. 

Distribution. — A large Order, the species of which are generally diffused 
within the tropics — a few also in North America, China, Australia, and 
N. Imlia. 

Qualities and Uses. — The membt'rs of this large Order seem to be all 
harmhiss ; and the prevailing (diaractor is slight astrin^ncy. Many yield 
edible succulent fruits ; the name of Mvla>iioma is derived from the fruit 
staining the mouth blach. The most striking peculiarities about the Order 
arc^, perhaps, the beauty of tho flowers, and the curious ribbed appear- 
ance of the foliage. A large number of species are cultivated in this 
country, some as oiuameutul-foliiige plants, others for the sake of. their 
flowers. 


Okdeu LXII. ONAGRACEiE. The Evening-Fkimkose 

Order. 

Class, Calycifloras, Endl, All, Myrtales, LindL Colt, Myrtales, Benth, 

et Hook, 

rous) flowers ; the tuD^nn^ai^ (of tn^receptacle) adhering to the 
2-4-celled ovary, calyx-teethvalvate in the bud, or obsolete ; the epigynous 
petals convolute ; staiiieus as inanv, or twice as many, as the petals, and 
inserted with them ; ovary 2-4-celled ; styles upted ; stigma capitate or 
4-lobed; fruit capsular oi succulent, with 2-4 cells; seeds numerous, 
without albumen. 

Illustrative Genera. 

QCnothera, X. Epdobium, L, Lopezia, Cav. 

Godetia, ^ach, Smnnera, Forst, Circasa, Toumef, 

Clarkia, Iktrsh, Fuchsia, Plum, Traps, L, 

AfBnitlM. — Onagrads are allied to Haloragem, but differ in their often 
coloured calyx, absence of albumen, and simple style, &om Trapa in their 
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convolute imbricate corolla, from CorabwjtaceBB by their plnrilocular 
ovary. The parts of the flower in this Order are sometimes 2-morous — 
Ctrcipaf while in Lopeda only one stamen exist'<. Sometimes the petals 
are absent ; and occasionally the flowers are unisexual. Trapn is a genua of 
water-plants sometimes placed with Haloragaceie, from which, however, 
its single style and cxalbuminons embryo separate it. The floating leav(;s 
are flat, wedge-shaped, and entire, while tlio submerged ones are cut up 
into numerous very fine segments. The germination of Trapa resembles 
that of some endogenous plants. 

Distribution. — The Order consists of a considerable number of species, 
natives chiefly ‘of the temperate parts of Jiuropcj, ^it^ith America, and 
India. 

.QufilitieB and Uses. — Harmless, sometimes slightly astringent. The 
berries of some Fuchsias are edible. They an* best known by the nume- 
rous garden plants belonging to the Order! most of which are very showy. 
EpHohinm has many native species, which are mostly weeds. E. anpmti- 
folimiy liowever, and E, hirmtlmn are tall and haiulsoTno plants. Some 
of the (Kwftlwrfp arc called I'lvening-lVimroses, from the, yellow flowers 
opening in tlu* evening. Trapa produces a large* liomcid fruit with amygda- 
loid seeds with unequal cotyledons. T, untaaH is the Water-chestnut of 
the French. The seeds of t, hUpimm^ the Singhara-nut (Kashmir), and 
T. hicornis (China) furnish important articles of food. 


Order LXIIT. HALORAGACEiE. 

CaJyciflorao, Endl. AIL Wyrtales, LindL Coh, Rosales, Eeath, 
et Hook, 

420. small axillarj' 2-4-merous flowers, 

often imperfl'ct ; caT!?ad!!S?ntrus teeth obsoh^te ; "petals often wanting ; 
stamens 1-8 ; fruit iiidehiscent, 1-4-celled, with a solitaiy suspended seed 
in each cell : albumen fleshy. 

iLLUfiTHATItT? OeNKRA. 

Ilippuris, Z, I Myriophyllum, Fat'd, | TIaloragis, Forttt, 

AflBnltlcs, &C.— The Ilaloragncefle are distinguished front Onagracem by 
the reduced calyx and the solitary p(*ndalons and oJbuminQUs seeds ; the 
corolla is absent from Hmjmrk and Prmerpinam, The former genus has 
a very simple flower, colfcisting merely of an adherent calyx with a very 
short limb, an ovary of one carjiol, and a single stamen. The whorled 
foliage of Ilippuris and the MyriophjUa is very curious, giving thirst 
somewliat the appoarnnee of an Etiuisknm^ while the latter are almoiPlike 
some of the branched freshwater Algao. Moat of the Order are aquatic ; 
but Jlaloroffis and Lmtdmm are terrestrial and more or leas shrubby. 
'J'hey are universally difiused, but generally of little importance. 
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Order LXIV. LYTIIRACEi^il. 

Class. Calyciiiorse, Endl. All. Saxifrap^ales^ Lindl, Cok, Myrtales, 
Bmth. et Hook, 

421. Diaffnosis. — ITcrhs, shrubs, or trees, with ljJjHfls,SEBggjteentjre 
no stipules ; the ealyx enelosint^, but fi^t^roraTuun^T^ce^^ 
ina^iy-seedcd ovary and membranous pod, and bearing tlie 4-7 deciduous 
^yruy ^ted neial^ and 4-14 stamens in its throat, calyx-lobes vnlvate; 
tiiCMslSnens lower llown ; styles ] ; stigma capitate, or rarely 2-lobed ; 
capsule enclosed in the calyx, dehiscent ; seeds numerous, exalbumi- 
njSjs. 

iLLUSTIlATrVE GeNERA. 

Peplis, L. I Ijythrum, L. I liawsonia, L. 

Ammannia, Homt. Cuphea, Jacq, | Lagerstroemia, L. 

Afflnltlefl. — In habit, as also in the striated calyx, these plants have some 
sliglvt reseuiblaiice to Ijabiatjc; but tlu*ir nearest relations are, on one side, 
with sevt'ral Oalycilloral Orders (from which, as Onagrac^^eas and Melasto- 
inacepe, they diller iiiosl strikingly in the superior position of the ovary), 
and on Ihe otlier with Saxifragmsem. l^Vom lihizophorefls they differ in 
their want of stipules and in their numerous ovules. From Myrtles, 
besides the abov(' characters, they may be distinguished by their valvate 
calyx. 

Distribtitioii. — A considerabh' Order, th(^ members of which are gencrrdly 
diftiised, tin; trilx; Laijorstrwmiccp tropical. L^jthmm Salicaria^ a common 
Jlritisb plant, is remarkabh* for being found as the only rtjprcsentativo of 
the Order in Australia. Its flowers are, according to Darwin, trimmphic, 
the stamens and styles being of three different lengths ; two of these forms 
coexist in the same flower, and have different sexual functions. 

Qualities and Uses. — Many of the plants have astringent properties; 
several are valuable as dyes, Lawsmia inertnis is the celebrated Henuah 
or 1 Feline of the E(ist, used by women to dye their finger-nails, hands, or 
A;et of a brown-orange colour ; it is also used for dyeinjg Morocco-leather. 
'Fhe flowers of Onnlea tomentosa are also used for dyeing in India. Am- 
mmnia vesicatomi is acrid, and has blistering properties. Fhysocalymma 
florihmida, a Brazilian tree, has a beautiful rose-coloured wood. Cuphea 
contains many favourihi cultivated species. Bentham and Hooker place 
Pnnica (the Pomegranate) in this Order ; but it would seem to belong more 
nearly to the Myrtles. 


Order LXV. SAXIPIIAGACE^. Saxifrages. 

Class. Corniculata), Endl. AU. Saxi&agales and AU. Qrossales, Lindl. 
Coh. Bosales, Benm. et Hook. 

422. Diagnosis, — ^Eerbs, shrubs, or trees, with the pistils mostly 
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fewer than the petals or divisions of the calyx (usually 2, coherent 
below, and separate or separating above) ; the pctjils 
sotnetimes wanting), 'wdth the (mostly 4-1 0) sta- 
mens, inserted on the calyx, which is (‘ithcr free 
or more or less adherent to the 1-4-cclled ovary 
(fig. 370). 

Character, 

Calyx 5-partcd, more rarely 3-, 4-, or 10-parted, 
more or less adherent to the ovary. 

Corolla: petah imbricate, perigynous, equal in 
■" num ber to the. segments of the calyx, and al- 
teniate with them, rarely absent. 

Stameiis inserted with the petals, equal in num- 
ber to them and alternate, twice as many, or indefinib^. 

Ovary mostly of 2 cari)cls, more rarely of 13 or 4 or 5, more or h-ss 
united into a 2- or more-celled ovary, usmilly half or wholly 
inferior ; placentas axilc ; style^i as many as the cells of the ovary ; 
more or less coherent. 

Fruit usually capsular, dehiscent: seeds Tno.^tly numerous, small, 
with fi(jshy filbumen. 

This extensive group of plants is divisible into four Suborders, 
which are by some authors regarded as distinct Orders : — 

1. Saxifbaoejs. Herbs : stipules absent or adnate ; ])ctals imbri- 
cated, or randy convolute in the bud ; calyx free, or partly adlierent. 
ovary 1-43-celled. 

2. E8calloxiel»:. Shrubs with alternate simjdc glandular leaves 
and no stipules ; calyx imbricated in the bud. 

3. PniLAUELPUEj^i. Shrubs with oj)po8ite simidc leaves and no 
> stipules ; cfdyx valvate ; stamens epigynous. 

4. CiTNONiEiE. Trees or shrubs with ojiposite or whorled, simple 
or compound leaves, and large interpctiolar stipules ; petals never 
valvate. 

Illusthative Oeneha. 


Fig. 370. 



Fit;. 

tin* n«»w<*r of 
Saadfraga, 


Suborder 1. SAXiraAGEiB. . 
Saxifhiga, L, 

Suborder 2. EscALLONiEiE. 
E^callonia, Mistk, 


Suborder 3. PiiTi.Ai)ELPiiEiE. 
Philodelphiis, Z. 

Deutzia, Thmih, 
Hydrangea, Z. 

Suborder 4. Cunonie^s:. 
Cunonia, Z. 


AffinltiM. — ^The relations of this Order are somewhat complicaMiu, iii 
consequence of the variety of conditionB existing among the genera. The 
herbaceous Saxifrages are related to the Cras 8 ula(* 08 D in several respects, 
but differ in haliit and in the absence of hvpogynous glands — and also to 
the llosacesB, through Spirsn, Axtilhe, &c. ; fi’om these, Deutda leads tO the 
shrubby fonnSf where Phikukdphus manifestly approaches the Myrtacem, 
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while the intlorescence of Hydramjm ia like that of aome Caprifoliaceae. 
TJh! Cunonietc scarcely distin'jiiiahed, except by habit, from the 
frayefn; the EHcallonicte, pushing 01141*0111 the l^ikidclpheat^ are rtdated to 
Kibeaisice:o, and more distantly to those Ericjaceis with an inferior uvaiy. 
Briiiiiaceas diiler in their dicoccous fruit ; Saxifrafracteae are closely allied 
to Lvthraceae, but in the latter the embryo is exalbuminoua. Pantassia 
is referred htjre by Hooker, but set;ms more closely to riisemble Ilvperi- 
caeeiB. The Australian Pitcher-plant {Cephahtm foUicidam)^ the leaves 
of wliich are tubular, with a lid closing the tube, beloujjs to a pfenus closely 
allied to 8axifra^(‘S, especially to the apotalous ones, hh'om Rosaccm it 
diflers in the pres(UK.e of albumen in the seed. 

Distribution.-- A lar<^e pf roup; the iSSfm/’m/cr/i are northern and alpine 
plants ; tilts EscaUonim arts cliiclly mountain plants of South America ; 
the Phihvldphvfe btsloiijur to South* Europe and the ttsmperate regions of 
Asia and Anii‘ri(sa ; tilts Cimmie<e occur in the East Indies, the Cape, Aus- 
tralia, and South America. 

Qualities and Uses. — Nt) important proptsrties are attributed to this 
Order; a certain dt*gree of astringtsncy prevails in Saaifraffeen and CWio- 
w/crt*. Their chitd’ merit consi.sts in the beauty of the many cultivated 
species t)f alpine herbs, and of the hardy and half-hardy flowering shrubs, 
'^rhe Sjixifragtss, Dmtziuy and EacaUonia^ Hydranyea^ and others 

an> familiar to every onts. PhiMelphm coronarimy tins Syringa or Mock- 
Orange of our shrubberies, a native f»f the south of Europe, is remarkable 
both for the beautiful flowers (the sweet perfume of which depends on the 
pnjseiice of an essential oil) and the peculiar flavour of the foliage, re- 
sembling that of the cucumber. 

(The genus //c/w/(uu«,Wall., onc(j considered to he allied to Saxifragacero, 
turns out to be identical with Cn/pieronta, Bliime, which is included 
ill liVthraciNC by Bentliam and Hooker. The genus consists of three or 
four trees of tropicid India, related uppareutly to Philadelphcee, by Ily- 
dramjea, and more closely with Hnixiaceie, but that they have opposite 
leaves. In habit they resemble Caprifdium,') 

(FnANCOACF.Ai is an Order composed of Chilian herbs with the habit of 
Saxifrages, and flowers 4-merous throughout calyx, corolla, stamens (in 
sevt^ral circles), and carpels. Some authors consider them nearest to 
Saxifragacete, others to Crassulaceie, othera to Kosnceie ; Lindley believes 
tlunr nearest affinity is to Hroseraceic. Genera : Ermteoa^ Cav. ; Tetitta, 
DC.) 


Order LXVI. CBASSULACE.®. The Stone-crop Order. 

CYAi. Comiculatce, Endl, AU. Violalcs, Lindl, Coh, Bosales, Benth, 

* etllook 

423. Diagnosis . — Succulent herbs or low shrubs with perfectly 
symmetrical flowers, the jictals and pistils equalling the sepals in 
number (3-20), and the stamens as many or twice as many ; albumen 
fleshy. 

N 5 
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Character, 

Calyx free, mostly 5-parte(l, rarelj' 3-10-parte(l, imbricated in the 
bud, persistent. 

Corolla : petah as many as the lobes of the calyx aiul alternate with 
them, distinct or united below, emerging from the bottom of the 
calyx, imbricated in [estivation. 

'SUmem as many as the ])otals and alternate Avitb them, or twice as 
many (in 2 circles), free or adherent to the (coherent) petals. 

Ovariea: ntrpeh in a (irelc, as many as the ])etals aijd opposite to them, 
often with a glandular scale at the ])ase outside, distinct or more 
or less coherent; placentas at the ventral suture; styha distincit ; 
siiymas on the inside. 

jR’m//; a circle of dry follicles, or a capsule bursting at the dorsal 
Butun'S or by the sej)aration of the walls as valves from the septa ; 
seeda varying in number, very small ; imibrvo in the axis of fleshy 
albumen. 

Tllitstrativk (Iknkua. 


•Suborder 1. Chassulejo. Fridtsl 
fotlwular, 

TilluMi, Mirh. 

(h-«ssnio, llaw. 

Brvojd I V 11 urn , 

Cotyb‘<lon, DC, 

Secruiu, 1j, 


Soiripi‘rvivinn, L, 

Siib( »rdcr 2. 1 )i a m d n m Car- 
pok vohervut into a plnrilovular 
cajmlv. 

Diamoqdia, XnU. 
lN.*Jilhonnn, L, 


Amnities. -This very peculiar Order appears lo be nearly related to the 
Savifragficcic, especially by the genera with capsular fruit; and on the 
otlier hand to Paronvehiacese and hence lo (^iirvopliyllace«\ They 
are rmjst reninrlcable for their succulent foliage, possessed of a power of 
suhsisliug almost entirely on atinosjiheric clcuieiils, and resisting most 
ohstinaloly the inthicnce of heat and drought. Thc*y are extH,‘ediuglY 
tenacious of life ; and llryojihyllumm particAilar is celebrated for the alti- 
tude of its leaves to produce adventitious buds ( § lOtl) wluui sc'parated and 
placed in favourable circumstances. The avmuudrical construction of the 
flowers is likewise very interesting to the botanist, and has been dwelt on 
in the Aloridiologieal Part of this work ( § 147). Tin* Ilou8ol(‘(‘k, Srmpar- 
vimm tectonmi, occasionally produces monstrous stamens, with ovules in 
place of pollen. 

Disfcibation. — ^Tlicro are a considerable number of species, gtmerally 
found in thti extratropical regions, in very dry situations, and especially 
abundant at the Cape of flood Hope. 

Qualities and Uses. — ^1'heir properties arc mostly unimportant. S&dmn 
aertif the common ytillow Biting Stone-crop of our walls, is so called from 
its acridity, and is said to he emetic and purgative. Some are eaten; 
others used as refrigerants. Cotyledon Umlilicn^ has been used in 
■epilepsy. 
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Order LXVII. PARONYCHIACEyE or ILLECE- 
BRACEJ?. 


C7ass. CaiTophyllinae, J?W/. A//. SilenaJea, LindL Coh, Chenopodialos. 


421. Ih'ftffnosis. — n<‘rbs or shrubs with mostly opposite l(»aves and often 
si'jirious slipiiltjs, niiiiiilo Ilowcirs, with *5- or more, rarely or 4-nicrous 
fjilyx; ])etala small or abscmfc; stamens on the ealyx, 1-10; ovary 1-, 
ran‘ly .S-cell(*d ; ovules numerous on a free eentrjd placenta, or solitary 
on a hui^ funieulus from the basc^ of the ovaiy. Seeds albuminous; 
embryo curved. * 

iLnUSTRA'llVE GkXERA. 

Subord. 1. rATtoxY<*niK-'K 1ft//# Snbord.2. Sct.erantheai. TFiV/#- 
srftrwtfs sfi/ifdvii ; damma opposite the out stipu/es ; cah/.v with an infhtrated 
fifpafs, tube; pdah none: stammiH opposite 


C^uTiJi■iola, L. 

] •aronychia, Jnss. 

I Ih •cel>ru i n , / irertn. /*. 
•IVilycarpon, Lojft. 
S[M*i*}j:uIaria, Vers, 

SjH r^ula, L, 


the Sfpa/s. 

Sideranthiis, L. 

Suborder *‘1. Sta- 

mens alternate with the sepah when 
etpatl; if fetvery alternate ivith the 
eatpels, 

iMolliifro. L, 


Affinities, &c. — Tills Order consiste of upwards of a hundred species, 
and may be rj'parded as a dep:(»iu*ratioii of (hiryophyllaceie, from which 
tlu'V cliller in tin* possession of stipules, the thin pel,ds ^c. fomiiiip' a 
traiisitinn to llu* np<*.talous (.’henopodiac*(‘{0 and Amaranthtmeoo. I'liey 
are also luaudv relaU'd to Portulaejwea', diflcriiij; from some of the genera 
of that ()rd<‘r only by the position of the stamens opposite the 8ep;ds. 
Some of tht ‘111 are su(a!iilent, liho Ihe Criussulacefe, but are distinguished 
by the structure of the ovary. They are mostly valueless weeds, abound- 
ing ill baiTeii sandy tracts throughout the temperate regions of the globe. 


Order LX VIll. PORTULACACEyE. 

(lass, Caryophyllinfii, Endl. All. Sihmales, Lindl, Coh, CaiymphvUinic, 
Jienth, et Hook, 

425. Diagnosk , — Herbs with succulent leaves and r(»gular uns 3 immetrieal 
(lowers (sepals fewer than the pedals); si^pals 2, rarely ii or 6; petals 
mostly 5 or 0 ; stamens opposite the pc^tals when of the same uuiiiber, 
but often iiid(%tinite. Capsule l-D-celled, with few or many seeds on long 
funiculi from the base, or on a free central placenta ; embryo curved ; 
round iloury albumen. 

IjJ.USTBATnTB GeNRRA. 

Tetragonia, L. Portidaca, Tmimef, Cla 3 rtonia, L, 

Aizoon, L, Talinum, Adam, Montia, Michel, 

Sesuvium, L, 

Affinities, fte. — ^This Order, os here regarded, has various relations, and is 
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not well defined. It approaches veiy closely to Caryophyllacefo throiifrli 
Paronycliiaceaj, but may be distinguished by the 2-parted calyx and the 
number and position of'the stamens. Like Paronychiaccjc, the meiiibtTS 
of this Order arc nearly related to tlm proper apetnlous Orders, Oheiio- 
podia(*.eai &c. Ijindley separates the Tvfraffimmc, and Ststfvicec 

in an Order called Tt*trag()niacea3, diftering from I*oi*tulacacejc in their 
apetaloiis flowers, nmltilocular ovary, and distinctly pi*rigynoua stamens. 
Portulacacojo would thus be dtdined cliieHy by a 2-sepalous calyx, hy])o- 
gynous or rarely perigyiious stamens, and l-celled ovary, llentham and 
liooker refer tbe Tetragonieio to Mmnnbrvanthacii.T, from wliich tliey 
differ in their npetalous flowers. Porf^tl^wa'lA (jxccjpticmal in its partially 
inferior ovary and perigynous staimms; hence the Order, as a whole, is 
considered bv llonthani and TTooker to belong rather to the Thaluniiflorje 
than to the Calycifloraj. The plants of this Order are genemlly difliised, 
in waste, dry places. Portuhica oleracea, Purslane, is an old-fashioned 
pot-herb; others are used in the same way. Tetraffonia (wpuma fur- 
nishes ^?ew-Zealand Spinach. Clmft.ouia tuhvrom has an edible tidier. 
Many have showy but ephemeral flowers. Lt^viaia redmea (Oi-egon) 
lias a starch V root, used as food under the names of spalulum or sp.-ctlum 
and racine amhre ; it is pmigcnt and aromatic when raw. 


Order LXIX. MESEMBRYANTHACEiE or FICOIDE/E. 
Ice-plants. 

Class, Caryophyllinaj, AIL Ficoidalos, LindL Coh, Ficoidales, 

et Hook, 

420. Diagnosis , — Shrubbv or succulent herbaceous plants, with opposite 
simple leaves ; sepals definite ; petiils very numerous ; stamens indefinite, 
perigynous; ovary inferior (»r almost superior, many-celled or 1 -celled ; 
ovules numerous, attached by cords to a free central placenta or to axile 
placentas, or to parit'tnl placentas spreading over the back of each c(?ll ; 
seeds numerous; embryo cuiwed or spiral, on the outside of mealy 
albumen. 

ILLUSTIIATIVK GeNUS. 

Mesombryanthemum, L. 

AlBnltlef. — Very nearly related to I^ortulacacem and ParonychiaceaB. 
From the former they (lifler in the parietal, not free central’ placenta, 
from the latter in the position of the stamens, many-celled ovary, and 
dehiscence of the capsulo. The stnicture of the ovary is curious, pre- 
senting very different conditions in di^Ic^^ent raembera of the Order; 
probably it is soimnvliat analogous to that of Cucurbitacefle, and the 
diverse positions of the placentas depend on the degroe^of involution of 
the caiTpels and the disni[)Lion of the septa. Th(j parietal placenta, 
together with the presence of numerous petals, seive to indicate a rola- 
-rionship to Cactaceae. Bentham and Hooker refer to this Ordtir "Dsfrago- 
niea (see Portulacacete) and MoUugiwiaa (see Paronychiacero). The plants 
are remarkable for their succulent foliage, accompanied sometimes by 
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wator-veaicloa or paendo-jrlaiids on the opidorinis, whence the name of 
Ice-plant applied to MvHembrifanthemmn vnjdullinum. The riptj capsules 
are very hyjp^ometric, tJie valves opening when wet and closing whtm 
dry. 

Distribution. — A rather large Order, of which the majority belong to 
the sandy tracts of tlie (]Jape, but a few are found in S. J^hirope, Aineinca, 
China, and tin* South Seas. 

Qualities and Uses. — The foliage of 5/. ethtJe fTIottentots* tig) is eaten 
at the Cape; M. fntarciditm acquires narcotic properties when fernnuitcd. 
Several m-e burnt for the soda-ash in Eg\ 7 >t, Spain, &c. The seeds of 
some yield a ]<ind*uf dour. 


Okdeii LXX. PAPAYACE^E. The Papaw Order. 

Class, Pai'ielidos, JEndL AIL l^ipayales, LindL Coh, Passidorales, 
Bcnth, et Hook, 

427. IHtuftinds. — ^Tre(‘s or shrubs, sometimes udth an acrid milky juice, 
alternate, lohed, long-stalked leaves, and diclinous, sometimes herma- 
phrodite*, di<*hlamyd(!ous dowers. IMale il. : — calyx free, minute, with 
5 teeth ; corolla mouopetaloiis, with 5 lobes ; stamens dednite, epipetalous. 
Female d. : — Petals b ; corona <ilani(*iitous or fimbriate, sometimes none ; 
ovary free, 1 -celled, with 3-5 many-seeded parietal placentas j fi-uit suc- 
culent OP dehiscent; embryo in the axis of deshy alhumoii. 

Itj.ustiiative Qenera. 

Carica, Z. | Modccca, Z. ‘ | Ceratosicyos, Nees, 

Affinities, Ac. — The prcs(?nt Order stands near to Cucurbitacero and to 
Passidoracteie, did’ering, however, in imiiortant respects from both, — since 
the former have an inferior ovary ami cixalbuminous sei^ds; tlie latter, 
liermapbroditcj flowers and a chcirtactt'rislic coronet arising from the tube 
of the dower, of a different nature to the stsminodes or sterile stamens of 
the prtjsent group, llenfliam and Hooker include it under Fassidomcefc. 
The I’apaw-tree, Carim Pa/nn/n, liiw a smiculent fruit, edible when cooked, 
but the juice of the unripe fruit and the seeds appear to he very acrid. 
C.dif/iluta ( Tlrnzil ) is regarded as a very dtiadly poison, and its juice blisters 
the skin. Tlie spcicies of Carica are natives of South America, the other 
genera are East-Indian or African. 

(Pangiacejb are an Order of arborescent plants closely related to 
Papayocem, di dering chiedy in being polypetnlous, and by the female 
dowers having scales in the throat ; the number of parts in the doral 
circles also appears more variable. They constitute a Tribe of Jiixaceas 
in the ‘ ( 1 enera^Plantarum ^ of J ientham and H ooker. They are poisonous 
plants found in the hotter pails of India, llydnocnt'pm reaeirntm is a 
native of Ceylon; its fruit produces dangerous intoxication. The seeds 
of Pant/ium are sometimes used, after boiling and extraction wdth water, 
as a spico, but even then have cathartic properties. Genera : Panffimn, 
lleiuw. ; Ch/mnocarpeay'R^'Bi.} Hydiwearpmf Oimta.) 
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Order LXXT. PASSIFLORACEiE. Passion-Flowers. 

Parielalos, EndL AN. Violalea, Lindl. Coh. Passifloralea, 
Benth, et II(mk, 

428. Dinffnosis . — (’linibinpr plants, rarely orert frees, with t(*ndrils and 
foliaccous stipules ; loaves and hvif-stalks olh*n glandular ; ilt)wei\s perfect ; 
calyxr)-parted,with ninneroiis tilainentnus procc’sses spriiiffinjr from the lube 
of the flower (recejilacle), inside the 5 petals; stamens o, iiioiiad(dplious, 
adherent to the stalk of flio J-celh*d ovary, which lattef is free from tins 
calyx, and has or 4 parietal phicentas and as many clavato styles : fruit 
mostly suctailent, stalktul; seeds numerous, arillate; embryo straight, 
ill thin fleshy albumen. 

iLLraTUATiVK Gknkua. 

Smeathmannia, Soland. | Passiflora, Jma. | Tidrapatluea, I)C. 

AfUTiitica. — This Ordca*, which rt'sembles the Ciicurbitaceje in habit, has 
a furtlier alflnitviii the. striieture of the ovary, the most marked diMerenee 
being the suj)erior position of that (»rgsin anjl the presence of albumen in 
Passion-flowers. The coronet or wreath of filiform organs bfdwcMUi the 
petals and the stamens, and the gynandrophore b(*aring the stamens and 
ovary, mark this Order out very clearly, and (»rdiuarily its flfjwejs are 
perfect: but the genus Tvtrapaihma appears to connect it l)y a further 
link with (hicurbitacMMc, since the flowers are there polyganioiis or even 
dioecious. It is closely .allied to .Samydneem, in which, however, there is 
no corona, h'roni Turnernds it differs in the gynandropln>re, and mar(;(»s- 
cciit not deciduous petals. The ri.dations to ( ^ipparidiw!ea\ llixaceie, and 
Violacejc are more, remote. 

Distribution.— A considcraTde Onlor in j)oint of numhers : the greater 
part are Soutli-Ani(?rican .and West -Indian ; a lew occur in North 
America, Afihfa, and tlui East Indies. 

Qualities and Uses. — The pulpy fruits of many spec.i(ja of Pnssi/hra 
(GranadilLas), several ami of Paropsia odnlvs are eaten; hut 

nstidugent propeu’ties exist in the h^avfjs, while the roots of Pamflora 
qmdraugimriA and the flowera of P. ruhra arcj narcotics. Tlie heautv of 
the flowers and foliage renders this Order a very favourite one in cultiva- 
tion. PaHniflora cxendm is h^ly, but most of the other species and the 
Tacsmiits arc grtjenhouso or stove climbers. 

^ • 

(MALESHEnniArEiR consists of a few^ unimportant herbs or low shrubs, 
natives of Chili «.nd Peru, resembling Passifloracem in th(‘ structure of the 
flowers ; but the coront*! is imutdy a nnmihranous ring, the styles arise 
from the backs of the carpels, onli the seeds are not arillate. Included 
as a Tribe of the preceding Order by lleniham and Hooker.) * 

(Ttjrnebacea 3. Herbs or half shrubby plants, natives of the West 
Indies and South America, with 5-merous flowers, deciduous contorted 
petals with no corona, and a 1-celIed superior ovary with 3 parietal 
placentas ; seeds albuminous, with a strophiole or false aril. They appear 
to form a linlc, through Miilesherbiacese, from the Passifloraceoc &c. to 
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parietal Thalamifloral Oixlers, such as Cistacese. They have tonic ana 
aromatic properties. Gcmera : Tunicra^ IMiim. ; PiriquHa^ Auhl.) 

(SAMYDACKiB fcHU a tropical Order, chiefly of American plants, of 
aoiMf»what doubtful place : apparently they stand nearest to Tlixacea^ and 
tlie 'rhalaminora* AviHi parietal placentas: how^^ver, they are apetalous, 
and the stanit*ns are peri«iymoiis, whicdi relate them to a different set of 
Ordf'rs. One of their most strikin*^ peculiarities is the prostmee of both 
round and linear pellue.id glands in the leaves. The bark and lenvt's ol 
the ])laiits are astiinjiviit, and those of species of Casearia are used in 
Mrazil as febrifuf^^ iuedieiii(»s, ) 


()ki)i:r IjXXII. CUCUllBITACK^E. The Cucumber Order. 

Chm, Peponift‘rje, EndL. All. ('^ucurbitalcs, Liudl. Coh. Passifforalos, 
* Bmth. H Hook. 

.420. /hVn/nos/s. — Hojybgggoug^^ mostly succulent, prostrate 

or climbing, \vithtjS|nEjrTcavc^^ j bwers dioecious or 

monajjjjo^ tuenowur-tiibe adherent to the 1-5-cellpd ovary ; 
coroluiiiono ; and the 3-5 stamens commoiilv rnore or less unitcjd 
by their often sinuous aritlu'rs as well as by tii(*ir fllamonts. Fruit 
a ]K'po, or, more rarely, a succulent berry. Placentas confluent in 
the axis ; albumen none. 

Clmracter, 

Cahf.v adherent in the female flowers, 5-toothed, sometimes without 
a limb. 

Corolki of distinct valvate petals, or 4-5-parted, sometimes fringed ; 


Fiof. 371. 



Pig. 371. Pomale flower of Cfucw^a, 

Fig. .S72. Stwminal column of male flower of Gourd. 
Pig. 373. Section of the fruit of the Cucomber. 
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iipringing from the calyx, and with the lobes alternating with 
those of the c<ilyx. 

(S . Stamens 5, springing from the corolla and alternate with its seg- 
ments, more rarely ti or 2, sometimes free, monadclphous, or more 
frequently triadclphoua, with 2 pairs and 1 odd one ; anthers 2- 
cclled, usually long and sinuous, or bent upon themselves laterally 
(fig. 372), sometimes straight, free, or combined. 

5 . Ovary inferior (fig. 371), 3-celled; usually with 3 placentas jdacod 
pariotally, but on the involute Tnargins of the catqiels so as to meet 
ill the centre (fig. 373), sometimes with 2 placcAtas and 2 erect 
ovules, or 1-collcd with a solitary pendulous ovule ; style short ; 
stkf mis thickened, papillose, lobed or fringed. 

Fruit more or less succulent ; a pej)© with a firm rind, or a juicy 
beiTy with a thin skin ; seeds mostly flattened, with a succulent 
or membranous coat over the leathery or horny testa, which iirc- 
sents a marginal ring or keel ; embryo flat, without albumen. 


iLLusiJi'jiiivii Qiiirnmn 


Seriesl.PLAaiosJBiiMK.®. Ovules 
horizofUal. 

Tolfairia, JffooJc. 

Fc.uilltea, L, 

Anguvia, L. 

IJrvonia, Z. 

Miikia, Arn. 

OitrulliLs, Neck, 

Eebalium, Z. C, Rich, 
Momordica, Z. 

Lulia, Tounivf, 


Cucumis, Z. 

Cucurbita, Z. 

Series 2. Abouheju. Ovules erect 
ar aseendiny, 

Trianosperma. 

Elaterium. 

Scries 3. OuEMOSPERMK^. ISecd 
solitary y pendtdom, 
iSicyos, Z. 

Scchiiim, P. B9\ 


AfBnltles, Ae. — The Cucurbitaceie, divided as above into 8 series, are 
still further divided into tribes according to the number of the stamens, 
the form of the anthers, the nature of the placentas, and the numlier of 
the ovules &c. They form a veiy well-defined Order, but have affinities of 
a very diversified range. The habit and the placentation ally them closdv 
with Passifloracem, from, which they difier, however, in the position of 
the oYSLvy, the unisexual flowers, the peculiar structure of the anthera, and 
the want of albumen. Their nearest relations among the epigynous Orders, 
after Begoniacea3, appear to be the Loasacem, through Gronoviaj which 
agrees in its (dimbing habit, and comes near the Sicyeee, In the structure 
of the ovary and seeds and the position of the stamens there is a certain 
approach to the polypettdoiis Onagracem, Myrtacece, &c., and, further, to 
the monopetalous Campanulacem. Again, the diclinous condition and the 
structure of the ovary connect them with Papayacem. This Order pre- 
sents a number of points of interest as regards structiu-e. ^ The tenorils 
appear here to be partially metamorphosed leaves, while their base is con- 
stituted of an abortive branch ; the construction of the ovary of the Oucur- 
hUets is remarkable, the sides of the coroels being inflected to the centre, 
and then rolled in further upon themselves until the marginal placentas 
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are brought back nearly to the circumference of the fruit ; hence, although 
termed parietal placentas, they are rather an exccissive case of the indexion 
which ordinarily produces axilc placentas. The foim of the fruit is 
varied; the pepo assumes almost every modification of globular, oval, 
bottle-shape, sausage-like, or even snake-like f<irin : some kinds are dehis- 
ciMit ; in irhaliinn it bursts by separating from its pedunede and exptdling 
the seeds with violence through the orilice ; in Monu/rdwa and others it 
bursts iiTegularly ; in EUiUirinm it bmrsts by two or three valves at the 
summit ; and in some specitss of Luffa an orifice is formed at the top by the 
separation of the scar of the calyx. In Sechimn the pepo contains only 
one seed, which gov^uiiiates witlim the fruit, and never separates from it, so 
that the fruit resembles a thick root-stock. 

Distribution. — A considerable Ordcu*, the speci.^s of which are chiefly 
natives of hot climates, especially aboimding in the East Indies, but some 
found almost evtjrvwhore ; lirymia dioiea is the only liritish spcjcies. 

Qualities and Uses. — The majority of the plants of this Order are to be 
looked upon as suspicious, from th e ^p^y^jence gf . a. puyga tLve property, 
sometimes vciiy vlorentTT^OTnetimes apparently liable to affect 

particular conjTtitntifms morcr strongty flum others. Some kinds may he 
re(d»oiied as poisons, while otliei's, especially when cultivated, although 
they retain laxative qualities, become innocuous. 

Among the decided puigatives, Erhalinm /tf/trMa, the dried juice of the 
fruit of which furnishes Elateriiim,” is one of the most drastic agents 
known. Oolocyuth is the extnu^t of the pplp of CitniUm Colomjidhu ; the 
fruits of sevcml species of Lnffa and Laijemria are strongly putative ; the 
roots of the various specie's of Bryonia are actively cathartic ; and the 
same qmdity rt'sides in the seeds of FeuiUcea cordifoUa &c. Some other 

E lants of the Order shore this quality, although the seeds are generally 
armless. 

On the other hand, the milder species furnish fruits highly esteemed 
either as fruits, for their delicate, flavour in *their fresh state, as in the 
Melon and the Cucumber, or ns })ot-herbs, from the succulent, bland, 
pulpy substance of the unripe or ripe fruit, os of the (iiourds. Cucumh 
Melo is the common Melon ; Cucimm sativm is the Cucumber; Caenrhita 
Citndlm is the Water-melon; Cfuwhita Pepo is the White Gourd, C, 
7na.t'ima the Eed Gourd or Pumpkin ; the Vegetable-marrow is a variety 
of C, Pepo, The Snake-gourd, Triehoftantheff anymim, is eaten in!] India, 
also many other species of Oucui'bitaccous plants, which appear to become 
much milder under cultivation. The fruit of Sechium edule is also eaten 
in hot countries. The seeds are oily; some are harmless, as those of 
Telf atria pedata (Africa), which are said to be as large as chestnuts, and 
are eatem like almonds, and the oil expressed. The pulp surrounding them 
is very bitter. 

Order LXXIII. BEGONIACE^ffi. Elephant^s Ears. 

Ciass. Peponiferai, JEMi. AU, Cucurbitales, Lmdl. Coh, Passifloralcs, 
Benth, et Hook, 

4«K). Diafptom , — Herbaceous plants or low succulent shrubs with an acid 
juice ; leaves alternate, oblique at the base, with large scarious stipules ; 
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flowers diclinous ; sepals coloured, those of the barren flowers in two pairs, 
decussating ; those of the fertile flowers 6, imbricated, or 8 ; staTuens inde- 
finite, distinct or coherent in a colinuii ; anthers clustered j ovary inferior, 
3-C(dled, with 3 dissepiinental placentas meeting in the axis ; stigmas 3, • 
sessile, 2-lobed ; seeds cxolbnminous, with a thin reticulated testa. 

Illusthatht? Genera. 

.Begonia, Z, | TTillcbrandia, Olir. 

Affinities. &C. — Th('. relations of this inti'resting and niimerous Order have 
been variously conceivi'd by difl'enuit authors ; but th(*y appear to be, very 
near CncurbitacreiTL', the so-(?alled pariebil placentas of the latter being 
rather an excessive form of the double axile phu*,entas of such plants as 
Diplovlimum^ and the placentas of Mezivna are describtjd as paiietal. J/iV- 
Mmimlia has nearly regular flowers, and the* ovary opens at the top as in 
Jtfimh, It confirms the relationship to Datiscails. They are natives 
chiefly of India, South America, and the West Indies, and We. luiich cul- 
tivated for their beauty ; the oblique or unequal-sided leaves are cluirac- 
teristic, whenct? they are sometimes called Klepliant’s l^ars. Alanv Bv- 
ffonioH are n'lnarliable for the production of adventitious buds in great 
numbers from various parts of tlieir surface. The roots appear to be bitter 
and astringent, sometimes purgative. Z. maUtbarica^ tvherosa^ and some 
others tu'e used os pot-herbs. 

(DATiROACEiia are diclinous apetalous herbs or trees, with alternate, 
exstipulatc?, simple or compound leaves ; baiTon flowere with a 3-4-me- 
rous perianth aftid »‘V-7 stamens ; fertile ones with an adhonmt 3-4-tootht‘d 
perianth, a 1-celled ovaiy with W-A many-seeded parietal placentas, and 
a dry fruit opening at the summit. Th(‘y consist t)f a few* speciiis very 
widely scatltsred. Bafiara cannahina is found in the south-east part of 
Europe., and htis bitter and purgative preperties. The ()rde,r appears so 
nearly related to (hicurbitiicea^, Begoniacefe, and Loasaceje, that it is 
undesirable to plw!*’ it among the Monoclilamydeai. Z>. vamtuhiim is re- 
markable as anording one of the examples of a tendency of the female 
flowers of di(ecious plants to mature seeds without impregnation ; this 
phenomenon has been observed frequently in Cwlohoffym and Mercnrialis 
among tins hhiphorbiaceie and in Cannahin ; but some error of observation is 
to be suspected in these cases. Tefratneks is a large tree, tlui ri^st are 
herbs. Genera : Datkcay L. ; It. Br. ; Trwm'adcSf Presl.) 

(I loM.ALiACEAS are a small Order of tropical trees or sliriibs with inferior 
ovaries and parietal placimtas, rtdaled on the one hand to Passiilomcca*, 
on the other to Loasaceie and Cactaceae. They are included in SamydacHUC 
by Bentliam and Hooker; some of them have been introducc'd into culti- 
vation on account of their foliage ; the flowers are small. Genera : Ho* 
nudiumj Jacq. ; BhchweUia, Commers., &c.) 
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Order LXXIV. LOASACE^. 

Class, Pariotalcfl, Endl, All, Cactalos, lAndl, Coh, PaaFiflorales, 
limth, et Ilooh, 

4. '51. Diagnosis. — TTerhs; Bometimcs hispid willi stin^iuj^ hairs ; leaves 
opposite or a.lt(?rnat(*, without stipules ; .calyx adherent, 4— 5-parled ; petals 
T) or 1(>, ill 2 ciivh's, often eueullnle; stamens niimerons, free or in hundleB 
adherent to the ]ietals, often iiiteimixed wdth sfaminodes or abortive sta- 
mens; ovaiy 1 -ceiled, willi several jiarietal placentas t>r 1 central; ovules 
pendulous : s(‘ed with a hiose tesla ; embryo in the axis of Ileahy albiimcii. 

IlT.USTH ATIVE (1 EXERA . 

Mentz(‘lin, 7y. Loasa, ^4 Gronovia, X. 

Partonia, Sims, llliimenbachia, Schrad, 

Afflnitics, &c. — A small Order. The (hmiis Groyioda^ with a climbing 
habit, connects this Order with (hieurhitaccm, especially those with a 
single s(‘('(l ; but in Ukj hitter Order the seeds are oxalhuminous. It is 
liliowiso closf'ly related to (^actaceje, diilering importantly in habit only 
irom soiut* genera. AVith JU*goniads it agi’e(»a in the character of the seeds. 
A Anther allinity exists to the epigvnous Order Onagraceai ; and among 
those with a frt*e ovary, Malesherbiaceie, Turneraceio, and ^Passifloraceio 
exhihit some points of agreement. They are natives chiefly of America; 
hut souu* occur in other parts of the globe, in temperate and tropical climates. 
Tiny are principally remarkable for their stinging hairs, Vhich produce 
mor(! viohuit irritation than our indigenous Nettles. Mentzdia hispida 
has a purgative root. Loasa, liartonia, &c. are often cultivated on account 
of the heaiity of tlnur flowers ; but some of them are rendered less valuable 
by their stinging-property. 


Order LXXV. CxiCTACEiE. Indian Figs. 

Class, Opuntiap, Endl, All, Cnctales, Lindl, Coh, Ficoidalcs, Benth, 

et Hook, 

4o2. diagnosis . — Fleshy and thickened, mostly leafless plants, of 
peculiar aspect, globular or columnar and many-angled, or flattened and 
jointcai, usually with prickles. Mowers solitary, sessile ; the calyx aTul 
corolla sometimes 4-nierous, hut generally undistinguishable and imbri- 
cated in several circles adherent to the 1 -celled ovary; stamens indefinite ; 
placentas paricdal; fruit succulent; seeds numerous, parietal or in the 
pulp, exalbuminouB. 


Illustrative Genera. 

Mamraillaria, Haw, Phyllocactus, lAnk, Opuntia, Tmrtief, 

Echinocactiis, Link et Ott. Ithipsalis, Geertn, Pereskia, rium, 

Cereus, Haw, 
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Afflnlties, Ae.— These plants are generally distingiushable at first sight 
by the remarkable fonus of their succulent stems nud the absence of true 
leaves ; but this anomalous condition of the stem is not a decisive charac- 
ter, nor does it even carry with it indications of affinity, since w() find it 
among Huphorbiacese, in Siapvllefe among the Aselepiadacea), in Vitac(rm, 
and elsewhere. Thti ordinary forms scarcely require descript ion ; but it must 
be noticed that the leaf-like striicturtja EpiphyWnn &c. are bmnclies, and 
the loaves are n^pi'esented solely by spines in the common kinds, (Mich t uft 
of spines representing an abortive siioot with undeveloped intemodc^s ; 
Pereskiiiy however, bears true heaves, sessile or stalked. Iik? shnns have a 
woody axis of the normal Dicotyledonous structure: th?. chief mass of the 
stem of the phylloid kinds is made up of thci gi'catly devtdopc'd cortical 
pai’ejKdiynui ; but the globular and columnar kinds are V(*ry solid : the 
wood is iiunarkabh" for a peculiarly formed spiral thickening of its c(‘lls ; 
and the parenchyma of old stems is densely loaded with crystals of oxalatii 
of lime. 

The relations, as founded on the structure of the flowers, perhtips, 
closest with Loasatiiwe, and beyond tlnun with the Cucurbitac(‘.‘c, yvith, 
h(jwever, many important points of dillerenct* from the last. Then' is a 
considerable resemblance in certain respects to Mesenibryanthacea} ; for the 
placentas of that ()rd(»r and those of the present are appartmtly but slight 
modifications of a similar fundamental structure. Some di^gn/e of attinity 
exists betw(jen Oactacem and Ribesiacom; but the dicarpellary structure 
there and the albuminous seeds are important distinctions, and indicate 
a closer relationship of the latter plants to Saxifragacoro. 

Distribution. — large Order, tlicj members of which arc almost exclu- 
sively found ii^ the hotter parts of America, especially in dry situations. 
Optmtia rulgans is naturali/ed in South Europe and else when;. A species 
of lihipsaiu occurs in Africa. 

Qualities and Uses. — A subacid juice is commonly present in those 
plants, whence some of them art; t;stccmed ns remedies in revtirs ; the pulpy 
fruit of some is agreeable on account of this quality, in others it is insipid 
and mucilaginous, (kittle are said to bruise the trunks of some ^ecies 
with tluiir hoofs in order to browse on tbt^ succulent parenchyma. Mfnintia 
mlfptm is the Prickly Pear, the; fruit of which is estoeintul in tie south 
of Rurope and America. The fruit of 0. Dma yields a carmine pigment; 
that of Tereslia acnh*ata is called the Jkrbadoes ( looseherry. O. mednd^ 
lifera^ the Nopal plant, is celebrated as forming the habitation and 

S stenance of Coccftis Caetif the Cochineal insect. Cerem yrandifionin, 
nyctkalm, and some others are noted for opening tlieir maguific(;nt 
flowers at Blight : these and many other species of this and other genera 
of the Order, such as EpiphyUnm^ PhyllncMctm^ lUtipsaltK, &c., are highly 
valued in cultivation for their showy flowers ; and the globular, columnar, 
and angular stems are not less remarkable, on account of their strange 
appearance. 



CALICITLOHS. 


^85 


Order LXXVI. EIBESIACEiE or GROSSULACEAi, 
Currants. 

Class. Comiculata3^ Endl. AU. Grossalcs, ImiM, Coh, lloaales, 
Benth, et Hook. 

4.^.*?. Bhujnosis. — JjOW shrubs, sometimes prieldy, with alternate pal- 
mahdy lobeil loaves, a o-lobed calyx adberin'r to the 1-cclled ovary and 
bearing 5 stanicms alternating with as many small petals. Fruit a 1-celled, 
interior berry with 2 j)arietal placentas. Seeds numinous, imbedded in 
pidp ; embryo minute, in abundant horny albumen. 

Illustuativk Genus. 

Ilibes, i. 

Aflanltiefli — ^These plants were formerly associated in the same Order 
wdlli Cactaceie; but their structure diil'ers importantly, and approaches 
so nearly to that of yaxifragac(;a?, that Polt/osma is placed among the 
J\soalloni(‘€r by some authors, and in this Order by others : the succulent 
fruit and the horny alliumeii are almost the only criteria, since the pla- 
(•(jntas are parietal in somti EsvaUtmieee. J5y lienthaiu and Hooker this 
Order is included under Saxifragattea} as a distinct Tribe. 

Distribution. — Cool oi' shady localities in the temperate regions of 
Europe, Asia, and America. 

Qualities and Uses. — 'fhe agrec^able acid fruits fonn tHe most striking 
character of this Order. The Gooseberry (7i. Gnnomlaria), the lilack 
C.hirrant (A*, nif/nwi), the Ived and White Currant (It. mhmm) are the 
most valuable kinds. The lilock (Imi'ant is remarkable for the aromatic 
glands, wliich give a stimulant property. All contain malic acid. Other 
fruits of tlie Order resemble these, but are commonly either tasteless or 
excess! vc?ly acid. Scjvtjrid species are showy garden shrubs, as AC. aureumy 
It. cocHnemn, &c., in which the calyx is brightly coloured. 


Order LXXVII. HAMAMELACE^E. Witch-Hazelr 

Class. Discanthse, Emil. AU. TTnibelloles, Lmdl. Coh. Hosales, 
Benth. et Hook. 

484. IHatjmsis . — Slinibs or trees, with alternate simple leaves and de- 
cidnou ^tinules ; flowers in heads or spikes, ottgi^olygamous or monoB- 
AousfJBlU^ adlieroiit; petals narrow, valvate or involute in the bud, 
^ilbliR^ltameus twice os many as the ‘^petalfl^TIHl^ 
like, or numerous; pistil of 2 carpels, forming a 2-celled 
2 styles ; ovules solitmy in the cells or numerous ; fruit a 2-beake(i woody 
cimsule with 1 seed in each of the two cells, bursting at the top ; seeds 
albuminous. 
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Illustrative Oknera. 

Tribe 1. IIamamkleas. I)i chla^ Tribe .‘b Alti ngie^ .. Cah/x 
in g ffW l oftm mdhmntanj ; owSm fcvvi/ in 
cell, each cell: 

llamamclis, Z. Liquidambar, L, 

Trichoclmliis, Pers. J^ucklandia, A*. Hr, 

Tribe 2. Fotmkrgillk.e. Mo- Kliodoleia, Champ, 

nochlami/dcoifs ; ovary as in Tribe 1. 

Fotllergilla, L. f, 

T a^oii^^C^ -MeMz 1 

AfBnitleB, ftc. — Liiidlev makes Liquidambar the tV|jL* of a diatincii’Order, 
Altingiaceu), associated with the Ameiitireroiis Orders x but the relations 
b(it\VLM!ii the genera above noted appiiur opposed to this. The. flowers may 
be regaixled lis intoijmg an 1 fnnli 

which they 'differTn flieir^ pengynous stainehs, the~ fertile ones oi)posite 
the pcitals", their multiple style, alternate leaves, kc. They are also 
connected by Bruniacete with tln^ IJinhtdlilene. Theyiapproach closely 
to the Saxifrages, but have wood-cells marked with glandular dots and a 
largo (not small) embryo, b(*gidea other ]H)ints. The species are not 
numerous, but are widely dilfused. liamameliis riryinicu, Witch-1 la/cl, 
has oily edible seeds ; its bark and leaves are astringent, and contain an 
acrid volatile oil. Various species cii Liipiiilambar yield the pungent 
resin called 8torax. L, styraciflaa (North Amt*rica) is an ornamental 
tree, the handsome 'O-fid leav(.*s of which turn red in autumn ; its ri‘siii 
contains much benzoic acid. Most of the “ liquid Storax" of commerce 
comes from the East, probably from L, oriv.ntale in the Levant, and 
L, Akinyin in the Malay Islands. The bark of those trees is also acrid 
and bitt(u\ 

(UiiuxiACi'jrf? arc an Ordt*r of Heath -like shrubs, mostly found at the 
Cape of Good Hope, of unknown properties; in structure apparently 
connecting the Hsimainelacea) wdth the l-mbcdlifenc, having an epigynous 
disk, and the heads of fiow'ors sometimes surrounded by involucral bracts; 
but the petals are valvate. They have soiiu; degr{?e of aflinity to Myrtacija* 
also, thus bringing these into relation wdth tluj (hiprifoliaceiB and allied 
Orders. Genera: L. ; iSZnarm, Thunb.) 

Order LXXVJII. UMHELLTFEliiE or APIACE.E. 

Class, Hiscantlnc, EmU. All. Umbellales, Lirull, Coh. IJmbolhiles, 
Eenth, et Hook, 

435. Hiaynosis, — Hjgybs^ pencrallv witli fistiriar ^tenjatc 

leave^h£||i^^ ^mer^y deeply aiyideaTj^SJ^^ 

SMy|^^S^tneTiif)?orT!i^^ completely adherent toT^Rvai^ 
ffi^SpSals and 5 stamens springing from the disk crowning the 
ovary and surrounding the base of the 2 styles (fig. 374) ; tho fruit 
consisting of 2 separating, seed-like, diy carpels. 
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Character. 


Cahfoc ^ 
Corolla: 


springing iroiii tno < 


springing rrom tno outside oT ilie iresny 
at noint, sometimes bifid, ollen uncquid 


disk, mostIv~infl( 
in size. 

Stamens ji, uliernatc with the petals and emerging with them, in 




lltui] 
liverffen 


cnrvcdin the hud. 

Ovanj inferior, 2-cclled, pomnosed of 2 coherent carpyk. 

^lY a douTjlc lli;al^v,di8k or st.vlopod. 

stf (f mas ; ovules 1 in each cell, peuduroua 

i^rB?^^|Lsistiiifj^jj[^^ halv esj^tfriftf senarating at the 

cow>yTOre._rifmaiiung atty^hed alUc to a forked cajpopkoro 
:{77V nrAvin..«lv «nP.ln«nrt th«m . «..ch 


niencarp aif ncre&iAeoiil i -seeded Doay, with the pericarp deve- 
loped into lonritudiiial ridges {jvga). 5 primary and sometimes 4 
secondary, wiWi interv(niing channels in which often 

exist lines of oil-hearing tissue tailed '4w7hf< ; emhrgo in the base 
of abundant homy albumen. 

Fi**-. o7o. 



Fiff. 374. Vertifal wretion of tKi* flower of Fcpuiculum. 
Fiji, iirri. Cross sretion of tJio fruit of Dauem. 

Fig. 37fl. Fruit of 

Fig. 377. Ripe fruit (iiieriearps) of Conium, 


lLTiLSTRATn''K GeNEIIA. 


Series 1. Heterosciadl®. Tint- 
hels simpkf ; vitto! fame. 
HydMiiigFle, Tountef. 
Mulinum, Pers. 

Sanicula, Tournef. 

Astranti^ I'ournef 
Eiyngium^ Tourmf. 


Series 2. Hai’t.ozygias, Umhels 
coinpotmd: pnmary Hdges of ft-uit 
alone conspiettous ; vittee rarely absent, 
Ecliinopbora^ L. 

Conium, L. 

Smyrniiun, Z. 

Cicuta, Z. 
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Apium, Hoffm, 
lielosciadium, Koch. 


opodium 
Ca^m, Koch. 
Bupleuiaiiu, 'Tourwf. 
G^nantbe, Isam. 

uiEthusa, L. 
ypFceniculum, Ada$ut. 
SilwiB, 

'Angelica, Hoffm. 
Arcliangelica, Il^m. 


Ferula, L. 
Dorenia, Don. 


Sones 3?'T)iPj.07.YGrjR. 


UmheU 


cmnpound; fmit with hiith primary 
and Hf^condary Hdyc» wcu^narhed. 
/Ooriandrum, L. 

Ouminum, L. 

Baucun, L. 

Caucalis, L * 

Tliap^iOil^ 


jklllBitiaii lte.rrrThe arrangement oC the genera al)oite».gi¥en is that of 

Suborders : — 1. Oilhospennete ; albumen flat on the inner face : 2. Cainpy- 
lospcrmesD ; albuiuon involute, with a vertical grooveion the inner face : 
3. Ccelospemieai ; albumen indexed above and bidow. The plants of tliia 
very extensive and important Order are in general readily recognizable 

Iheir inflorescence and flstular stems; but these characters are not 
ways present, even in the iiidigenoiis foims ; and it is instructive in this 
resp(K!t to examine the g(;xu*ra tiammla and llydrovotylv^ wherct the umbels 
are little devtdoped, and llrynyinm^ where the flowers are sessile and tfte 
involucral bracts so much devtdoned as to give the umbels the appeai’aiice 
of the capitula of Composilm. These deviations from the oi’dinary habit 
are still more striking in some of the exotic genera ; for Iloridirldut, a 
Javan form, has capitulate heads airanged in panicles; and liolaxj an 
Autai’ctic genus, grows in a tuftod manner, with inibricot(»d leaves and 
nearlv sessile umbels, so as to assume the outwaid appearance of some of 
the alpine species of Ami rosace. The essential charaiter of the order lies 
theretonj in the fruit, by which they artj knowm from all other phuits. The 
stincture and arrangement of the ridges and vittm upon the pericarp, toge- 
ther with the form of the albumen of th'e seed, furnish the cjiaracters hy 
which the Order is subdivided ; the latter charxicler, although formerly 
regarded as primary, is now found to be inconslant. 

The relations oi* the Umbelliferm are closest with the other epigynous 
Calyciflorae with doflnite stamens, especially Araliacem (from which their 
fruit diflers), the Itubiacea^ (which have monopetaloiis corollas and op- 
posite h*aves and interpetiolar stipules), and the Ckxmacefo (where the. 
leaves are partly opposite, the flowers ttJtramerous, and tht* fruit succulent). 
In habit, as well as in dicarpellary structure, some of the Umbellifene 
approach the Saxifragacem. The resemblances to Geroniacca) seem 
rawer superfleial : the carpophore is of a very distinct character. 

DisMbutlon. — Abundant in the northern parts of Europe, Asia, and 
America ; common upon the mountains of warmer regions, and again met 
with in the Southern honiisphcre, but chiefly os dwarf and abeirant 
forms. 


QnalltieB and Uses. — Several distinct classes of active secretions occur 
in the phints of this Order, w’hhih in some ai*e t*xtremely powerful, and in 
others slightly developed. The most important consist of acro-uarcotic 
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poirioiioiirt substances in solution in the watery juices; the second are 
^um-r(isiuous substunciis coutaiiiod in a juice belonging to special tissues, 
and bei^ouiiug inilkv when exposed to the air; and the thii-d are aromatic 
oils produced in all parts of the tissues, but espcjcially developed in the 
vittje of the peri(iai*])S. Many have the wat(iry jidces innocuous, and the 
guni-re.sinf)U8 secnjtion mild, so that they biicoiiie esculent vegiitables, 
which ar(! ntndeivd still more bland when they acquire a luon; succulent 
condition under cultivation. ^ The absence of light has a remarkable liffect 
ill preventing the development of tlie aromatic principles, as is seen in 
blanched garden Oelery and other ctuses. 

A iiiTniher of the poisonous kinds are iiidigimous, one of which, Cmiwm 
mavalatum, lieinh^ k, is in use in medicine as an anodjTie. Aithum 
CijHapfmn, Foul's 1‘arsley, is a coiniiion weed; Cunifa Water 

Ileiiihark, is not iiiie.oniiiion ( 6*. nmrtthtta of Ni»ilh Amerura is equally 
}>oison()u.s) ; (Kuanthv vrovatu, ILeiiilock Dropwoii, (A*. PhclUiudrlumj and 
other s})i‘cies are.likewise noted as poisonous, although they appear to lose 
the property undia* certain circumstances. Anthrisem si/Ivestn's and mdgurkj 
extreinelv eoiiiiiioji about hedges, are sahl to be poisonous. Accidents 
occur IVoiii lli»^ iv^inblance of the foliage of these plants to Parsley, and 
of the roots of (Enatifhe and oIIk.ts to Parsiieps. 

'Fhc plant s luniisliing the aulispasmodic gum-rc'sins are mostly natives 
of wanner regions than tlu' poisonous kinds, and some doubt exists as to 
the extu.*t sp<‘ei<!s which j^ield ctu’taiii of these substances. Asafietida is 
believtMl to be deri\ i*d from Fentla Asafaiidn (JVrsia and Afghanisluu) ; 
Fonda /arma probably furnishes <oin(‘. F. ononfalis (Morocco) yields uu 
aimhigous r(?sin. JSagapenuiu is supposed to be. obtained from another 
sprci(‘s of Fonda, (ium Ammoniacum is from a Persian plant called 
Jhroaifi Ammoaiaoam and Disonieafoa gummiforam. Opopoiuix is the 
resin l^aaiinaoa Opoptmuj' {Opopoaa.v Chiroaam), The source of (ium 
(lalbaiium is supposed to be Fonda galbaaijlaa. 

The haAOur tif Pelerv {^Apiam grarooioas). Parsley {PvtronoUnwn s«- 
tivam), Fennel {Faaioa/am ndgaro), Angelica (Archangclioa ojfivhudis)^ 
J^ryngo (Ergagiam marifhaam and vavipodm), of the Carrot (Dawm Ca- 
rota), and the, Parsiiep {^Vastiaaoa sativa) depend on a volatile oil con- 
tained in the jiareiichymatous tissues, especially of the rind and leaves ; 
birt this oil is more coiiceiitrated in the vittae of the p(?ricai’p, which ren- 
ders the fruits of thes(^ plants still more powerfuln* aromatic, whence 
they are often U8(\l for flavouring in C(?oking ; the fruits of the Caraway 
{Canton Carui), l)i\l(Aaof /ram grarooloiiit),Oin'mid{^r{Coriandmmsatmfm)f 
Anise (7Vw/y;/y/r//« Anham)^ Cuiumiu {^Cnmimtm Cyminum)^ and others 
an* (‘Specially valued for these essential oils. 

The roots of the C^irrot and l^arsiiep, the root of Arnicham esculcata 
(New (h*anada\ the stem and . petioles of Celeiy, when rendemd very 
succulent by cultivation, retain only a moderate quantity of the aromatic 
oils, and are then chitdly ^aluable for their saccharine and mucilaginous 
quali ties. Samphire, made into pickles, is i 'rithuum maritlmiwiy a species 
growing on maiitime rocks. The roots of Clier^’il (Anthriscas Ccre^oliuai) 
w'ere formerly eaten. The tiibeis of the species of Bunium arti edible. 
Alexanders (iSmyrnmm Olmatrum) was fonnerly cultivated like Celery. 
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Order LXXIX. ARALIACEaE. The Ivy Order. 

CZcrss. DiscanthaB, EmlL AIL TTinbellales, Lindl, Coh, Umbellales, 
Jietifh, et Hook, 

436. Diaffnom. — ^Ilcrbs, shrubs, or trees, with characters rostunblinjr 
those of IJmbelliforfe, but usually with more? than 2 stylos, and the fruit 
3- or several-ctsUed, succulent or dry, with one albuminous st;ed in each 
cell. 

lLLrSTRATI\'i: Geneha. 

Pannx, Z. I Iledera, Z. Gunnova, Z. 

Aralia, Z. | Adoxa, Z. llelwintpa, WilhL 

Affinities. — The Araliacefe stand very close to the Tlmbellifonc, but may 
bo distiiif^uished by Iho ovary having num? than 2 cai’peK Most of tin* 
plants havt' also a Valvatc {estivation of the ct>rolla, while it is imbricated 
in tlie Unibclliferte : there are some exceptions to the rule ij\ the latter 
Order; and Adoxa is an exception here. Seoniaim separates as a disliucl 
Order, under the name ]Teder!ic.O{e, all Umbelliferous ])laiit8 with valvate 
petals and a fruit composed of two or more cariiels. Thi> true Araliads, ac- 
cordintr to this author, have imbricated petals. 'Ibey an? not so (‘xi;lusi vel y 
herbaceous as the UmlMdlih'rje, some boiiipf trees, and some climbinjr shrubs, 
which latter brinj^ the Order into iidation with the Vitacen3. Tlicy are 
nearly allied to Oaprifoliacoie, which hav<? a inonop^djilons c(»rolla. Aduxa 
is reriiarkabhi for its stamens, which hiive a bipartite filament, (*.‘U‘h half 
bearinu: a separate anther-lobe ; it also pr(*sent.s flowers with 4- and o- 
nieroiis corollas in tluj same inflorescence. Ounavra^ an ab(‘iTant fonn, is 
in some cases dioecious, has but 2 petals and stamens, and a 1 -celled. 
1-seeded ovaiy^ ; G. nvahra is remarkable for its onoriiioiis leaves, as much 
as 8 feiit ill diameter, on stalks like those of IVinnu, Jlchnnyifi is uni- 
sexual, and is made a type of a distinct Order by Decaisia* and others. 
Its flowers are collected on the midribs of the haives or bracts, from the 
adherence of the peduncle, somewhat as in TUia, Seeinann incliidt's 
in flederacero, on account of their valvate, not imbricate, petals, Vrith- 
7 nmif Hor^Mia, soiin' species of Hydroc(ftylvj and some other plants 
usually placed in UmhelliferaB. 

Dis^ilmtion. — A considerable Order, distributed throughout all climates, 
and in all parts of the world. 

Qaai;tles and Uses. — ^Aromatic and stimulant. The root of Panax 
Ginseng is ‘highly valued by the Obinesn as a stimulant ; P. qainqucfoUnm 
is exported to Cliiiia from the United States as American (Hnsemg. 
Aratia midicaulk (United States) is called Wild Sarsaparilla ; A, rm-Mnosa 
yields an aromatic gum-rosin. The astringent roots of Gnnnera scahra 
are used for Iniining, and the fleshy leaf-stulks are eaten. The berries of 
I^y {Hedxra Helix) are emetic and purgative. The wood of some of t Ji(? 
East-Indian species is resinous and aromatic. The substance called 
Kice-paper, prepared by the Chinese, consists of thin slices of the pith of 
Telrapanax papyriferum. 
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Order LXXX.. COllNACE^. The Dogwood Order. 

Clms. DiscautlisO; EndL All. Umbellales, Lindl, Coh, limb Jlales, 
Benih . et Hook. 

Fijr.378. 

4;{7. Dmgnom . — Shriilw or trees (rarely lierbaceous), abuost 
always with opposite and exstipulate simple leaves; flowers 
4-5-Tiierous, s<iiiietiiiie.s diclinous ; the tube of the calyx adhei'eut 
to the 1-2-ceIled ovury, its limb inimite; tin? petals (valvate in 
the bud), with as many stamens, inserted on the margin of an 
epigyiious disk in the perfect ilow'eis ; stjdij 1 ; a single anatro- 
poiis ovule sus]ieiided fr<nn the top of oiu h cell; the fruit bac- 
cate, l- 2-8eeded (tig. .‘17^^); embryo nearly the length of the 
albumen, with large and foliacoous cotyledons. 

.s 

iLLrSTltATn'K OKNKltA. 

Jlenthamia, TAndL | (lorn us, Toumef, | Aiicuba, Thunh, 

afflhitieB. — The chief distinctions from th(' Araliaceae lie in the inflo- 
rescence, the tetramerons structure of the llowtn*, the usually opposite 
leaves, tin? !^-carpellary ovary, and tlu^ simple slyle ; from llinbelliferiB 
the first two characters divide them, together wdth the siuglo style, and 
in most cases tin* habit ; C-aprifoliacejn are distinguisliablo by the mono- 
])et!dous corolla. Hahiriigacem difler in habit aiid distinct styles, but ai-e 
connected w ith this group through Gminfim. 

Distribution. — A small (Ji-der, I he members of w’hich are natives of the 
temperate parts of Auieriea, Kiiropt*, and Asia. 

Qualities ipid Uses. — The hark of various species of CormfJi is esteemed 
as a tonic Hnd’^fl^btifVIJye ; Ameiica in 

place of (Cinchona; (Whuh t^anymnea^ Dogwood, is a common hedge 
shrub. C. fitasndaj tin* (.^unt-lianChenr^beaTO fruit, which is now little 
esteem ed. Auattba jap ohua. tWinWjPpIRP^ “ Cuba ” Laurel of our 
shinltlr^'BIfi^^tlW'RBiale form of a dia*ciou8 Japanese plant, propagated 
in'tbouEfaffds by layers, but till lately never producing seeds, os the male 
plant Avaa, till a fi^v years ago, unknown in this country . 
ever, by arlilicially plfudiig the pollen of the mole flowers on the stigma 
of the Temnle, or by tin? agency of insects, the scarlet olive-shaped berries 
01*0 produced in profusion ; anil in this Avay numerous varieties have been 
raised from seed. 



Hi, >(‘ fruit 
of Cornu8. 
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Subclass 3. COROLLIFLOliJE. 

438. Dicotyledonous Flowering plants having both calyx and 
corolla, the latter mono- or gamopctalous and springing directly 
from the receptacle; the stamens mostly adherent to the corolla 
(epipetalo^^jarj^ free and arising with the corolla frjim. .the 
receptacle! * ' 

Similar anomalies to those noted undc*r tlie otlit^r Suhclassos occur in 
some Oiders which, on the whole, are ( ^n’olliHoral. Thus, among Ericaceje, 
the Suborder VaccinivtpAs properly Calycilloral, and the same thing occurs 
in Styracaceffi and elsewluuv ; among tJie Ericaceie and lOpacridacem 
sometimes have tiie Tlialamiiloral eouditum, ther'Botak being distiiurt and 
the stamens hypogynous. In Ihimidaceui and Plumbaghiaci're poly- 

S etalous coiDllas occur, but T\ntli epipi'tjilous stamens ; and also apetalous 
owers with liypogynous stamens, which, strictly speaking, would bo 
Monotjhbimydeous. Thtvse (and many other eases miglit be noted) in- 
dicate the. contmual occurrence cross relations'’ between tin*. groui)s 

of Orders, which render it very difficult to atrauge tlie Orders satisiactorily, 
and show that any linear series is quite artiiicial* 


Order LXXXI. CAPRTFOLIACE JS. 
The Honeysuckle Order. 


Capnfoliacem, Cinchouales^ Xmd/. ■ 4 b A.. .Bn biales, 

lietith, et Hmkrn^n^ - -nr- ■ 

4.S9. iitr sti- 

pules ; the tube of ffl^SW^aneRm^WnooviI^^nc^taiTieiiH as mniiy 
as for one less than) the lobes of the tubuhir or rotate epigynous corolla, 
and attached to its tube ; often wdth 1 ovule in one cell 

and several in the others ; ^My^^^ragmas 3 or 5 ; dry 

or succulent, 1- or more-celled j seeds solitaiy or num^ous^ 

IlLT STRATIVE GkNERA. 


Linnsea, Ormov. Diorvilla, Tmmef, Vibiunum, L, 

Symphori carpus, DiR, * Lonicera, Desf. Sambucus, Tmrnef. 


Amnities. — This Order is usually subdivided into two Suborders : 1 . Jjo- 
nicereu', with a tubular, regular or irregular corolla, a filiform style, and 
seeds with a dorsal raphe ; and 2. Sambucem, with regular rotate corollas, 
3 sessile stigmas, and seeds with ventral raphe. It connects the mono- 
petalous Ruhiaceso, LoganiacesB, and their allies with the polypetalous 
OomacesB and Umhelliferm. Through the EscaUoniea it is also connected 
^nth the Saxifi^a^gacaaawn.T^^ 

Dlstrlbatlon. — ^A considemUe^uxuly; 

Darts of Asia. Eurone. and America. 
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Qnalltles and Usos. — Some of tho plants J 
emotic properties, as in the leaves of the Liaer oamimcm' ni^ffaKUt tno 
( I welder Rofie (Viburnum Opulus), the Common Honeysuckle ^o//icc?*a 
Pench/mmum), And TrioFfeum perfdintum (North America). The fruits 
seem destitute of this propertjr, ttat of our Elder and others being made 
into wine; the henies of Viburnum are eaten in North, America; and 
those of Symphoricm'pfiFy the Snow-berry of our shrubberies, appear to be 
harmless, ^e : ^y ^nce marke^ 

^ I inTitfyaiipTnrflP??hg nf 

a species of Vibttmwn ( V» Ojtnitut^ grovm ua Ktw\av>uw *v* ab» k/muo 

of white ?i<»?</crflowej’s, F. Zflwtort, the mealy (luelder Rose, V. 7Va{«8, the 
Jjaunistinus slirub), tiymphoricarpus, &c. are found in every shrubbery. 


The Madder Order* 


Vims. Caprifoliace.nB, Endl. 


AU. Oinchonales, Z/mBH^RP^fflESSfesf 
Benth. et Hook, 


440. Blaynnsls. — He] 



UUib 


conncctocLby hitorDd^<miDuiea^or in r^^aLftP^parept.amQ^ 
stinules reaemPDnaLtne leases : tno calvx adHermit to the ^-4-celled 
ova^^iB^tS^^Rn^many as the lobes (3-5) of the regular epi- 
gynous corolla, and attached to its tube ; ovules anatropal ; embryo 
nllnuninous. 

Character, 



omTa^i^iTTjTibfl^j^Hl^l''hfla nf iihft /»nrn11n ft-nd nffached in 

an d^gynons disk; Hyte^jn^ 
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stigmas united or divided ; owdes soli- 

Fruit splitting into two dry cocci, or indchiacent, and then dry and 
succulent, 2-ccllcd, 2- or many-seeded ; seeds, if definite, erect or 
ascending, or numerous on axile placentas ; embryo in horny al- 
bumen. 

Illustbattve Gbnkha. 

%itei^iet.ioldr I Oephaelia, Sw, 

tvhorh : | Paycliotria, L, 


ovary wiHh 1 seed in each ceU, 
Oalium, L. 

Kubia, Toumef. 

■ . Asperula, X. 

Sherardia, Dill, 

Stifndes small : 
in a ceU, 

Opercularia, A. Rich, 
Coprosma, Forst, 

Snermacoce. L. .. 


DEpunaiitiiiiB, jj. 


Oephaelia, Sw. 
Pavchotria, L, 
Oofiea, L, 

Ixora, L, 
Mori nda, Vaill 
"" iTiiemiTaa, Vmt, 


^ Stip^A^ 

\rom seeds. 


Hedyotis, liom, 
Koiidelotia, Bl, 

Poin ardia, Salisb, 
^vinchon|, L. 
^xostem ma, L, C, Rich, 

jEU. "* 


Attnlties. — The Rubiaccm are often divided into t\\^o Orders, Cincho- 
naceae and Galiacein, or Stollata?, the latter including all the g(*nera with 
large foliaceous stipules, or, as they are termed, wfiorled leaves : the* distinc- 
jjtion does not appear to bo suillcieht. The presence of intoi’petiolar stipules, 
either small or imitating leaves, is the prmcipal character separaiiiijr tliis 
Order from CaprifoliaceedjWWIlWifWW fW they 

SiipUpaes occur as monstrous ^owths.WMniHHBMMni|^ery close 
to I^gnniacesB, b6ia|«W«%dHtW»HU)MlUfa^^ 
macem thus connect it with Geiitianacefe and the allied Corollifloral Orders. 
The fruits of the Stelhdee, and of some of the Ceffeat, neaily relate them 
to tho»Umbollifem>; firora which, however, they may ho at once known 
by the monopetaioau't^eorollia Omretdaria, au' aberrant genus with a 1- 
ow6d> l-eeeded oyam connects the thrder with Pipsacese ; and the inflo- 
rescence of some kinds, as Ccphalanihus, Richardsmtia, &c., approaches the 
condition of the capitula of that Order and of Compositse; while in 
> Am jf ffr ophyUum tlm stamens are syngenesious. _ 

DlstrUratlon. — 






lul SkJ f: 

HH 




climate 


most of them tropical. w i ■ ■ ■■■ ■ 

<}iialltieB and Uses. — The liuhiaceae form a veiy extensive group, and 
include plants with a considerable diversity of prr)perties. Some are 
emetic- pua^ative ; others felnifuge and tosie ; others stimulant and 
restorative ; some are astringent ; a &w have edible fruits ; some yield 
valpable dj^J-stufls ; ^d fra^ant or showy flowers abound in_the Order. 
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JRichardsonia scdbra and emettea yield dhSifi^ wnn 

(hmifoHa (Oahinca root) and C, anyu ifuga have Minilar properties, which 
are shared' by fhe'gcneta Manettiaf See. Most of the abo've 

plants belong to lirazil. Jjjfi^twojnecie^of^^jggoccojj^^ 

soccilics atraSnSTnaEe-bitea|; their emetic ana purgative 
ul. Some species of Ctqihaelis 
and Psychotna are still more active, and are used as poisons for rats and 
mice in Brazil. Coffee consists of the seeds of Coi^ arahica. two of 




yssimn, pernnps luso or Ararjia, out is now widely diffused in cultiva- 
tion in the biast aiwi West Indies and Brazil. The fruits of Galium are 
said to bear some resemblance to Coffee when roasted. 

is derived from several trees 
^natives ot the siopesliTTiinHniSSJTOiraevaticin of about 7000-8000 feet, 
\ud many of which ai'e now cultivated in India. The researches of Wed- 


dell, II()wM,^dffl!il!liW'|!ftWW thn source jji^mpst of the kinds . 

Cinchona Caiisa jiabark 

( . nitida and micrantJuij Qrey or ITiianaco bark j C. Condammea (var. iwa), 
Crown or Loxa bark. The bark of various species of Exostemma is 
known ns falf^i^ Cinchona. Species of Guctiarda, Pimhieya^ Bondeletict^ 
Couiarca, &c. have similar properties. The extract ctf ^e leaves of 
Uacana Gumhir is a powerlul astringent, Jmown as Gambeer among 
the Malays, and supposed to fiiniisli part of the Catechu of commerce. 

Among the fruits maybe mentioned those of Genipa (Brazil and Mada- 
gascar), Sarcocejdialm csadfnfus, the Sieira Tjcone Peach, &c. The berries 
of some Coproamfc ar(*^ eaten in Australia, and are called Native Currants. 

Of tlio dyes, Madder, the roots o£ Euim tincturum (Europe), E. corg 
di folia, ^liinjeeth (Bengal), It. Itelhmm (China), and It. anynutMma aif 
tlio most important ; Oldetdandin amheUata, used instead of Madder in 
the East Indies; species of Mminda, PKychoiria, Gmipa, Condamima^See. 
arc of less iitiportance, Gmitarda spmosa funiishe^ what is called by 
cabiiiot-iiiakers “ Ztjbra-wood,” from the West Indies. 

^p^inong the many oi our 

^MKnirile stove-plants, 



are common wee 


^stipules. 


Order LXXXHI. VALERIANACE.E. 

The Valerian Order.' ’ 

diiiM. Aggicgatie, Aff. Caiiipimnle8,Xi'tt<S. CoA. Rubiales, 
Benth. a koOi. 
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'with the lobes ; sggjgjijJjJjajj, in the fertile cell of the dry, indchis- 
cent, sometimes p^SposoTruit, ^xalbumiuo^ radicle 

superior,, 

Illustbative Genbbmi. 

Fedia, Mamch. J Ce n tfa iftli t B C ^ C: | Vatetiana, Neck. 

AfOnltieOi — This Order approaches Oipsacere in general structure*, some- 
times hwfinpr involucrate intlort^acence ; hence it is also related to ( -oin- 
positfc, Oampanulaceao, &c. ; huMire peentiar atnictnre of the ovary is a 
very marked (diameter, and the seed of Pipsacc'jo is albuminous. Tlie 
devcdopmt‘nt and unrollin<r of the ])appus of Centranthm ami olh(*rs, duriiifr 
the rip'ninjf of the fruit, is veiy^sin«j[ular 2 .jh^^ is sinToi mded a 
thickened i'in<?, which suhsoquefllipWMHI|MHHKfMdsitrtn treUWWT of 
feathery processes. 

Distribution. — -^Anextengjjj^^ the members of whicli am distributed 

throuprhout 

Qualities imduSes^-^danyTIftlM^uantnuivestro^^ properties, 

whence thev are used as antispasmodic and tonic rem(*di»*s. / 'rtlvnana 
offiemnJisi^ iVni, celticn^ and Saihtnea are all used; V, ttiivhotitttN, froin 
liussian America, is said to lie the most powerful. Nartfostaohi/s Jatammm 
(India) is supposed to be tluj ancient Spikenard. Fedia or VahTianvUa 
olitoria is cultivated for salad, under the name of Lamb’s Lettuce. Cvn- 
trmjthffn 9'uh(T, a showy plant, with abundant eym<*s of small rose- 
coloured llowers, is found in most {jardems, and is naturalized in Kent. 


Order LXXXIV. DIPSACE^E. The Scabious Order. 


Class. Aggregate, Fndl. AIL Carapanales, LimlL Cok. Compositalos, 
lienth. et Jloak. 

442. 7)iVr/n»oi»!« wifli mhnrlod [{jJIQja, nn stipules; 

asmTJompositu) ; 


• oTt rill f rti iTi 

rwiTiTo u •* '•♦'VUtuTne*' ^ s i - < m « ■ot 




mostly irre 

■K xuK>,9ji v'M wuu .u. .^Ticateci ID fCStivation ; 

sometllWNiMtil^^ attach t^d to the tube of the corolla ; 

ovary 1 -cellcd, with 1 pendulous ovule, simple style a^nRlgina; 
W^nndehiscent ; seed albuminous ; radicle superior. W 

Illustrative Genera. 

Dipsacus, Toumef. | Scabiosa, Bom. et Schtdt. 


i^nitles. — ^Nearly related to Yalerianaceie on one hand, and to Com- 
pqsitSD on the other ; distinguished from both by its involucels and albu- 
iied (^mB 0 8 f!»* ^<me cl Rlh r 4 > 1 ^ distinct anthers and 

pendulraise^. ^ 

II MhKwilwitiniii Tbafspocies number about 160 , and are found most 

abttndaptly, i n jjn i itl M P h Fniin ifti n d .1 .III I 

mii Al JjS .wtringertL^ Jhe Teassel, 

Dumou, fuUiMMn. a lanre TT^lB-lilca t>W m of irr^at imnorijuirti. ifa. 
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dried capitula bein" used to comb up the nap on cloth, the hooked bracts 
not t(iarin^ the stud' like mc^tfil instruments. Many species of Scabiosa 
(Scabious) are cultivated for their beauty two sin^^^era^pecios are 
nativ<!S of Jlritain. 


i^KRACE.ii: are a small OMer of Soiith-American pla^Wnterme- 
diate b(*tweeii L)ipsace^g||p||[|[pgM|g|tMM 

seed of the foriiior, and Anthers coherent below and free above, so a?, to 
approach tin; syujTein'sious charachu* of the latter Order. Properties un- 
known. Genera; 2 / 00 / 7 /tf, Juss. ; Calyceraj OiiY.), 


Order LXXXV. COMPOSITES or ASTERACEEl. 

Clms, Agjj^e^atffi, Eiull, AH, Campanales, LindL Coh, Oompositales, 
Bettth. et Hook, 

443. Dmriiiosh , — Herbs or half-shrubs with the flowers in dense 
h(\ada (capitula) upon a common receptacle surrounded by an invo- 
lucre ; stamtms 5 (rarelj^ 4), inserted on the corolla, and with their 
anthers coherent into a tube surrounding the style ; ovary inferior, 
1-celled, with 1 erect ovule ; seed cxalbuminous. 


Cliara^cter, 


CupHida ai< the extremity of an enlarged peduncle surrounded by an 
involucre of bracts, and bearing perfect and imperfect florets closclvj 
packed, all similar, or of two Idnds, those of the centre or disk antt 
those of the circumference or ray ; florets often accompanied by 
membranous scjile-liko bracts {pnUos), 

Cahjx limb obsolete, entire, or in of 
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scales^ bristles, or feathered or simple hairs {pappus)^ which is 
often persistent. 

OoroUa iSBlSSHSiUk (%• funnel- 

shapeo^WiguIatc^figraSl)^? bilabiate. 

Sffam^ns^^ltemate with the teeth of the corolla \ filaments 

lu Mow. 

bifid at the apex, with a distinct sti(jmatic surface on each branch 
• (figs. 382 & 38;3). 

Fniit a cypscla (figs. 384-4380), indcihiscont, with*! erect cxalbumi- 
. nous seedy often crowned by the pai)pus. 


Fiff. 384. Fig. 386. 



Figa. 384-386. CypNelonn fniita of Coinpoaito; anrniountcd T»y the pappua. 
(•Fig, 3«6, vertical section, showing the erect aeed.) 


This extensive Order is divided into three Suborders. 

X. Florets aU tubular and perfe ct, or only those 

of perfcfct, while those of the cimffiHfPBIice are 

tubular or ligulate, and female or neuter below its branches. 

2. Florets with bilabiate corollas, perfect or uni- 



Tussilago, Toumef, 
Aster, Fees. 

Beilis, L. 

Solid ago, L, 

Inula, Geertn, 
Dahlia, Cav. 
Zinnia, X. 
Eiidbeckia, X. 
Helianthus, L, 
Bidei^X. 


Illustrative Genera 

1. Tubulifloile. 

Tagetes, Toumef, 
Anthomis, D(7.' 
Anaoyclus, Pers, 
Achillea, iVcc/j. 
Pyrethnim, Geertn, 
Oiiiysanthenium, DC, 
Artemisia^ X. 
Gnaphalium, Dm, 
Arnica, X. 

Senecio, Lm, 


Calendula, Neck. 
Xerantlioi mmijToumef, 
Saussiirea, DC. 
Arctium, Lam. 

Carlina, Timmif, 
Centuurea, Xc«s. 
Cuicus, VaiU. 

Carduus, Gmrtn, 
Serratula^ DC, 
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Bfimadezia, L,Jil, 
Mutisia, L,JU, 


CJiclioriiini, Tourmf, 
Ilypoclueris, Z. 
Leoiitodon, Z. 


2. Labiat^flobjb. 

I Printzia, Ofiw. 
Anandria. ^ gesh. 


3. LlOXTLIFLOILiE. 
H'ragoDOfl 


■b'oiichuS, LV 
Jjactuca^ Z. 


Nasflavia, Conimers, 
,TrLsis. JP. Zr. 


Taraxacuin ^*!/?<g& 
HieraciuiU; Tmrnpf, 


AfBnlties. — This Order, wliich is* the most numerous, and, by some 
iiuthnrs, rt»frard(!d lis the most perfect in the Vegetable luiigdom, is like- 
wise vciy luituriil, its distinguishing features b(iing very evident in almost 
tivery genus. Prom its nearest allies, Dipsaceae and Oklyceracete, it may 
})e distinguished by the condition of the anthers and the ovule. The 
syngenesious condi ■ ion, and, in some measure, the general structure of the 
tfor(‘ts, lif^jlnte and tubular, indicate a near relation also to Lobeliaccae 
and ( ’ainpanulactw, wlieroin, liow(jvc‘r, the flowers are not only large and 
scattered, but the ovaries have more tluui one cell, with many seeds in 
each (;(dl. 

I'Jie subdiA'isions of this Order are differently given by different authors. 
Th(j Orders of the Linneaii Class Syngenesia, cori*esponaing to Compositse, 
lire given in the Table of the Linnean Classification (page 186). Tubuli- 
florie, as aboA e given, include the Goiyunbiferae of some authors, in which 
the style of tin* perfect flowers is not swollen below the stigma, and the 
CyiiaieaQ, 'lA'here the outer florets an» often muiter and the style is swollen 
below the stigmas. The tribes of the Compositue usually accepted are 
tluise established by lie Candolle on the condition of the style and its 
stigmntic lobes. The clinriic.tcu’s of the geucm are chiefly derived from 
tlici conditions of the involucre, the cypseloiis fruit, and the pappus. 

Distribution. — Tlie species of this Oi’der are more numerous than those 
of any other family, and are univtu-sally distributed<^£Qjmnb|u^o^-eighth of 
the l*lianeroganiia of Ctuitral Murope;*thi* JV/few/^o^raWHMMroundant 
in hot climates, the Cichoraceee. in cold. The Lahiat^Jlorce belong almost 
entirely to extriitropjoal South America. In the ^Northern hemisphere 
tlie Compositai arc all herbaceous: in South other 

parts of tlie southern hemisphere they are sometimes shrubby. 

Qualities and Uses. — The plants of this Order ar^^|j||||y|||||^||||H|^ 
terizt'd by any very powerful properties: bitternessi^OT^prevailing 
quality, accompanied hv aromatic secretions in the Corymhiferai, and by a 
special lactescent juice in the Cichoracea, which often contains a more or 
less active narcotic principle. ^ • 

Among Cotynibiferoi may be noticed a number of ^nera possessing 
considerimle importance. The AHetnm€e^ or Wormwoods, are numerous ; 
A, Almnthium and po/t/tca ai*e Worniwoods proper, and with some other 
species are used not only os anthelmintics, as their name indicates, but for 
preparing the bitter liqueurs called Absinthe or Wermuth ; A. 2>raemiculu8 
is the Tarragon, the leaves of which ore used in salads and pickles ; A, 
Ahrotanvm is Garden Southernwood, used also for its bitter flavour. Most 
of the other species have similar properties } the flower-heads of A. Ckmtray 
Sieberi, paueffhraj VaMiana, &c. ore known on the Continent, under the 
name of Semen Cinae or Semen Contra, as powerful vermifuges. cAt- 
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nemis furnishes Moxa. Anthenm nohilU^ the Camomile, Matricaria 
Chamomilla, and Pi/rethnm Parthenmm are valued for aroinatie hitter 
and tonic properties ; the species of Achillea are astriiijreiit, or in some 
cases punprent, which is still more the case with Anaci/chis Pt/rcfhmm, 
called Pellitorv of Spain, and A. offivinarunu the dried roots of which 
provoke an active flow of saliva, and are used as a remedy for toothache : 
in a tresh state these roots are acrid; and this is still more the case witli 
Maruia fwtida. Arnica montana^ a plant of the mountains of Central 
Europe, IS narc!otic-acrid and poisonous, exc(‘pt in small doses; its tinc- 
ture nas a powerful influence in excitin" the circulation benesith the 
skin without producinf? vesication. • Poronicnm Pimlq.lianvhe.» is said to 
have similar properties, as also some species of Inula ; Inula Ilvlcniuuu 
howcvijr, is memy aromatic and tonic ; it is known under the name of 
Elecampane. 

Some species of Eapitforiiim^ indiidinp: our native E. cannahinum, are 
emetic and purgative ; E. At/apana (llrazil) has a reputation as a local 
and internal application for snake-bites. Matico is said to he obtained 
from E. tfhUmoHum^ though most of it is the produce of Artanlhe elomjata^ 
a Piperaceous plant ; its leaves are used as a styptic. 

The 8(jeds of some of the Corymhifcric contain much fixed oil. The 
seeds of the Sunflower {JIvlianthm annuity) are well known on this 
account; and Madia saliva (Chili) has bt*come an object of cultivation in 
Franco and Geimany for the sake of the oil expnissed from its seeds, its 

oil-cake” b(;iiig also valuable for cattle. Tlu^ esculent tubers called 
Jerusalem or (lirasole Artichokes are furnislu'd by Ilclianfhus tuherosus ; 
the analogous tubers of tht? Dahlia ( Dahlia variahllU) are not available in 
this way on account of a strong and unpleasant flavour which exists in 
them. Tiissilago Farfara, or Coltsfoot, whicli is mucilaginous and bitter, 
was formerly in repute for aflbedions of the chest. 

The Chpmrem^ or thistle-like r?orapo.sitjn, an? <?qual]y varied in the 
concenti’ation of their qualities. The root of Carlina acanlis is said to be 
a violent purgative, and that of C. gummifera is kuown as an anthelmintic. 
The Ihirdock (Arctium Lappn)^ the Marigold ( Calendula ujjficinalis), Cvn~ 
taurea Calcitrapa, and other allied plants were formerly esteemed fus fe.bri- 
^fuges, diuretics, and alteratives, but have gone out of use. The Costus, 
celebrated by the ancients for its virtues, is supposed to be the root of 
Aucklmdia Costus (Cashmere). Carthamus tiwitorius^ Safflowcjr, is used 
in dyeinjr and in fhe manufacture of true rouge ; the flowers of Calendula 
officinalis are used to adulterate Saffron. Seiratula tinctorin is also used 
in dyeing yellow and green. The Globe Artichoke is the fleshy receptacle, 
with its bracts, of Cgnara Seohpnub) Cardoons are the blanched stems 
and petioles of Cgnara Cardwiii!^, ' 

The Lahiatfpjtorvn are sometimes aromatic, bitter, or mucilaginous. The 
leaves of PHntzia aromatica are used as a Tea at the Cape of Good Hope ; 
those of Anandria discoidea arc used by the Chinese as the Coltsfoot is in 
Europe. 

The Cichoracets include several plants of note : the diflerent kinds of 
I^ettuce, Laettwa virosa^ Scnriola, sativa (the Garden Lettuce), contain a 
milky juice which has narcotic properties; when evaporated to dryness it 
forms a kind of gum, called by druggists Lactucarium, which is. occasion- 
dly used |is a sedative. The'^Garden Lettuce loses much of its bitterness, 
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iind, at the same time, of its narcotic properties, in cultivation. The 
Dandelion, lA^ontodon Taraxammh{ov Taraxacum Dem Leouia), hns also a 
milky juice, which is valued for its inedi(jiual properties as a diuretic and 
altt^rative, with some sedative qualities; its roots, and still more those of 
Chi(U)rv or Succory ( Cichorium Inhjhm)^ are usetl, roasted, to adulterate 
collet}. TJesides tlie Lettuce we have other escuhmt vt'^etahles in this 
Suborder: Cichorimn EHtlirium furnishes the Stilad Endive (blanched by 
exclusion of lijrlit) ; Scorzonera is the root of Scorzoncrn Imponiccu other 
spcidt‘s of which are ustsd in liktt manner in difrcrt}nt countries; Salsafy 
is the root of Triujopwjtm porrifoUm, or Ooat’s-beai'd. 

The Compositui jnclude avast number of cultivated plants. The Ibahlia 
(I). vnriahilis)y th(? (^lirysantherauni (Pprcthrum ftittetiac, indmm)^ the 
(^inerarias {Seuvvio crucnfa, TmsifatfhiUj JIcriticn), tins rhina Aster ((7a/- 
Udcmma horhwisc) are florist’s flowers remarkable for tile number and 
b<*autv of their varieties. The J^varlastinyj^-flowers, or ItmmrkdleHj are 
nioslly sp(?cies of (tnap/adium, totrether with Jldichrpiann, Aplidexis^ &c. 
Our native Thistles are species of Carduusy Onopordm/iy &c. 


Order LXXXVL LOllELIACEyE. 


Clrm. ('^ampanulimn, EmlL AIL Campanali‘S, Lindl, Coh. Campanales, 
Benth. et Ilwth, 


444. Diapnom , — ^Jlcrbs or shrubs with a milky juice, alternate leaves, 
and scatU}r(}d flowers ; corolla in’e»:idar, cpi^fvnous, monopctalous, split 
down 1o the base on one side ; the 5 stamims free from tht} corolla and 
united into a tube, often by their fllnments, and always by their autlutrs ; 
(»vary inf<‘rior, 1 -.‘l-celled ; style 1 ; stigma :/»lipped, surrounded by a 
fringe, of hairs ; seeds numerous, albuminous. 


Illustrative Okneba. 


Lobelia, L. 


SiphocampyluB, Paid, 


AfiSnities. — ^The relations of this Order to (^/oihpositso are close, as ii 
ae(»n when we compare the flowera with ligulate florets of the CicJtoraceo! 
the structure of the ovary, however, as well as of the inflorescence, divide* 
them. \Vith (]Jamp»mulacea) they are connected through the tubnlai 
florets of Coinpositre, which rtssemble the flowers of Oampaiiulacijaj, excepi 
ill the structure of the ovary, which brings the Campanulaceie still nearci 
^ belincca3. The frinserounO^^^ma is analogous to riie liairs oi 
■ CiimpanulacelffancIqPM WWbo to the indusium of Goode- 
fome Lobeliact}a} have their 
Diatiilmtloii. — A rather large Order, 'the meml 
distributed throughout tropical and subtropical regions. 

Qaalities and Uses. — ^The milky juice is acro-uarcotic ; the species of 
LcHiclia are mttre or h}aa poisonous, producing effects analogous to those of 
Tobacco. Lobelia itrflata is used in small doses for spasmodic asthma ; it 
acts sometimes as an emetic, but produces great depression of the pulse, 
perspiration, and, in large doses, death. Most of the species m*e acrid when 
fresh ; L. urem produces vesication of the skin. Tttpa ^euUlei (Chili) yields 
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a violent poison. Isatoma longijhra is vesicatory, and, taken internally, 
produces death from violent and uncontrollable puipfin^. The milky 
juices contain Caoutchouc. Many species of Lobelia and Siphwuimpglm 
are cultivated for their showy flowers. 

(GooDENiACE^i constitute an Order of plants allied to the I-iobcliaceas, 
the Stylidiacefc, and the CaiupanulactMe, out especially distinjruished by 
the remarkable structure of the upper part of the style, which is expanded 
into a kind of cup or purse, coiiceminp^ within it the stiginatio surface, and 
closinff over the pollen after fertilization. Most of the Ooodeniacere arc 
Australian and l\)lynesian ; a Scerrola occurs in North-western India and 
in Africa ; another ffonus, St>Uifra, is South-Anierican. Their properties 
are unimportant. Lcuchenanltm formosa^ cao'idea^ and other species ore 
cultivah'd on Account of the beauty of their flowers.) 

(BRUNOxiACE.aSjConsistinj' of twd^species of JJmnoww, Australian plants, 
agree with Goodeniacete in the structure of the style, but are sometimes 
separated from them on account of the superior position of the ovary. 
Th(ur capitulous inflorescence approa<ihos that of Composito3. They have 
no known properties.) 

^ (Styi.idtace-T5 constitutes a small Order of plants related to the Goode- 
niaceaj and the Campanulac(‘aj, but are distinguished by and remarkable for 
the gynandrous structure of the flowers, the lilamonts being adherent to 
the style into a column surmounted by tlie anthers which overlie the 
stigma. This column exhibits the irritability met with here and there in 
Flowering l^lants : in Stt/lidhmi it hangs over on one side of the flower ; 
but when touched it rises up and springs over to the opposite side, at 
the same time opening its antuei's and scattering the pollen. The StyKdia 
are chiefly from Australia ; a few others are scattered in the East Indies ; 
the Fordercp belong to New Zealand and the Straits of Magellan. They 
have no known properties.) 


Order LXXXVII. CAMPANULACEiE. Bell-flowers. 


Class, Gamponulinoe, Endl, 


AU. Oampanalcs, LinM. 
Bmth, et Hook. 


Coh. Gamponales, 


445. DUtgnom . — ^Herbs with a milky juice, alternate leaves, and 
mostly scattered flowers; to the ovary; 

^^ volvat^n aestivation : ai 
. mostly distinct or coherent just belwme base 
ox me aisunct antners ; ovary 2-5-cellcd ; stylo 1, hairy ; stigma 
simple or lobed ; capsule many-seeded, dehiscent by lateral oriflccs 
or valves at the top ; seeds with fleshy albumen. 



I1J.USTEATIVE Genera. 

Jastone, L. Phyteuma, L. 

Pxismatocaipus, A, DC, Gampaimlay Z. 
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AilliiitleB. — ^Tho OampanuljMjeas have many points of a^ement with 
the Compositjo, the flowers resembling the tubular florets of that Order 
in the corolla, inferior position of the ovary, and number and position of 
the stamens ; but the anthers are distinct or only united at the base, and 
the ovary is more tJian 1-cellcd, and contains many seeds ; in Jamme and 
Phi/Umna tlui flowers are in capitiila, almost like those of Oompositie. 
They are only separated from Lobeliacero by the regularity of their 
flowers, thtj globular (not Elliptical) pHlen-gmins, and the peculiar hairs 
of the style ; which points of structure likewise separate them from Goo- 
deniacea) and Stylidiaceae. On the other hand they approach Vttcctniea^ 
from which they <Jittl‘r in the number of the stainens and their porous 
deJiisccmce, the style, and the habit. 

Distribution. — A large Order, the members of which belong mostly to 
the tempcjrate parts of the Northern hemisphere. 

Qualities and Uses. — The milkj' juice has properties analogous to that 
of the Coni posit a?, and is sometimes rather acrid ; but the young roots and 
shoots, es])t‘ci}dly when cidtivattMi, arti oft(*n edible ; Itampions are the 
roots of VumpaimUt Jtupmicuhts'^ Spoetdaria Spemhnn and other species 
have been used in salads. The Campantthts^ commonly known as Canter- 
bury liells, Hair-bells, cVrc., are numerous in cultivation ; and other genera 
have also handsonie flowers. 


Order LXXXVllI, ERICACE JS. The Heath Order. 


CloM. Jlicomes, llndl. AIL Ericalcs, LhtdL Coh, Ericalcs, Bvnth, et 

HooJe, 


Fig. 388. 


Fig. 389. 


446. Dm/nosls. — Shrubs, or sometimes herbs, with regular or 
nearly rcguhir flowers ; corolla gamo- or 
polypetalous, hy])og}'uous or cingynous 
( Vacchiiete) ; stamens as many, or twice 
as many as the petals of the 4^5-lobcd or 
4:“5-petaloiis corolla, free from the corolla, 
hyjiogynous or cpigynous ; anthers 2- 
cellcd, commonly with appendages, and 
opening by terminal chinks or pores 
.JCfigai.388, 389); style Ij 
ccUod small, anatrojious; ex^feryo., 

small or minute, in fleshy albumen. 



The Ericacem are divisible into four Fig. 387. Flower of 77ri«i. 

Tory distinct Suborders, wHch arc some- ^ 
times ranked as Orders. 

1. VACciNiEiE. Shrubby, or more or less woody herbs, with an 
adherent calyx, monopctalous epigynous corolla, epigynous stamens^ 
2-parted anthers opening by pores, containing 4-nate pollen-grains • 
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the inferior ovary becoming a berry surmounted by the teeth of the 
calyx. 

2. ERiCTNEiE. Shrubs or small trees, with a free calyx ; a mono- 
pctalous or polypctalous corolla springing with the stamens from 
the receptacle ; anthers opening by pores. 

3. PruoLE.E. Woody herbs with evergreen foliage ; calyx free ; 
corolla of 5 distinct hypogyi|pus petals f stamens hypogynous ; 
anthers porous ; seeds with a loose cellular testa and minute 
nucleus. 

4. ]!iroNOTRopEi'E. Pleshy herbs with soale-likr* loaves, destitute 
of green colour ; (jalyx free ; corolla mono- or polypctalous ; stamens 
hypogynous ; pollen sim])le. 

Illtjsthative Genera. 

1. VACClNIEiE. 

Oxycocciis, Ttmrnvf, | Vaccinium, i. 

2. Ericinejb. 

Tribe 1. ERiCEiE. Fndi ImidU j Tribe 2. RTTonoDENDREiE. Fndt 
ddalf rarely septicidal or baccate; capstdar, septieidal; hud^ scaly, cone’’ 
buds naked, lilic. 

Erica, L, Azalea, Z. 

Andnnneda, Z. Rhododendron, Z. 

Arbutus, Tournef. Jjedum, Z. 

Arctostaphyloa, Adam, 

3. PyROT.EiE. 

Chimaphila, Pursh, | Pyrola, Tournef, 

4. MoNOTROPEiE. 

Monotropa, NuU. | Schweinitzia, EU, | Pterospora, NuU. 

AflBnitlMi — The Suborders brought together under this head are con- 
nected by the general plan of structure j but the details are subject to 
wide variation, not only including mouopetaloiis and polypctalous con- 
ditions, but even hypog}mous and epigynous. By many authors these sub- 
divisions are ranked as distinct Orders. The Vaednietr, with their 
inferior ovary, stand, if separated, among the epigynous Calycilloral 
Orders, near Oampanulacece or Cinchonoceee ; consequently they form a 
connecting link between the Colycifiomls and Corolliflorals, indicating 
the artificiality of this division ; they even appear related tq the perigy- 
nous Calycidorals by EscaUoniem in Saxifrfqracese. The EAdne€B differ 
from the VaednieeR principally in the superior ovary and hypo^nous 
corolla ; and the stamens are here nearly it not quite hypogynous, which, 
with the mony-celled ovary, divides them from Gentianacese and allied 
Orders. I'he. ErtcineeB are nearly allied to the Epacridace 80 ; but those 
have 1-celled anthers. The PyroLem have the sepids and peteds more or 
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less distinct, are more herbaceous in habit tlian the forefroinp, and their 
seeds are reiiiarhahly different ; P. aphylla^ a plant devoid of green colour, 
and with leaf-scrjdos in place of loaves, connects this Suborder with ifowo- 
trupofej wTiich, however, differ in the dehiscence of the anthers, and in 
Inivinj? the minuter (unbryo at the np(?x instead of the base of the fleshy 
albumen. Some doubt exists whether the last Suborder are really para- 
sitical plants : they p:i*ow anionjr the fibrils of the roots of tret's, and have 
all the appoarano# of parajfltcs, but, wi|li Ducliartre, we have never been 
abh^ to seti any unioji in Momtropa, In the character of habit they re- 
st'Tubhi Orobaiichacojf ; but we do not consider this a strong sign of 
aflinity in Flowerijjg plants. 

Distribution. — A large Order, the members of A\'hich are generally diffused 
in teiimcratt* climates over heathy and boggy tracts, in subalpiiie and 
aljiine localilit's, all over the world — Wuiihtlvmlra especially m India, 
and the lit^farire in South America. Ilemarkablv abundant at the Oape 
of (lood Hope. 

Qualities and Uses. — The general character is astringency. The fmits of 
various VawimcfP and Ericvfr an* edible — as O.^fcoems palmtm and 0. 
mncrtianpa (tin* European and North- American (h*anberries), Vaecinium 
Mifrtillw (the Bilberry), V. Vitis-ldfpa fthe Bed Whortleberry), and V. 
ithf/inositm (the Black Wliortlebeny), (iuyUhvria ^irocmnheufi, G, hwjdda 
CJ’asmania), &c. But others are dangerous or even narcotic poisons, and 
this extends to the foliage of such kinds, (^spe(•ially species of Jihodo- 
d(7idrou, AzfdeUj Andnmed^ Kidinia, kc, Vva-Ui*si leaves, 
lofi Uva-Uni^ are mixed ^^^th Tobacco by the North-American Indians, 
and arc esteemed ,as astringents ; those of some Pyro/crc, ns Chimaphila 
rnnheUata, American Wintergreen, an^ usi*d as diuriitics. Oil of Winter- 
gr»;en, known as an antispasmodic agent, and used in perfumerv, is 
obtained from the fruit of Oaulthena procimhett^, A vast niunher of 
specitvs of Enva, Wwdodnidron, Azfdea, &c., with numerous varieties and 
hybrids, are objects of cultivation on account of the peculiarity and 
beauty of their flowera. They I'specially constitute what are "caUed 

American Plants ” by gardeners, the American Ehododendra^ Aztdeee, and 
KalnwOj &c. being those which first st^o^gly occupied tlie attention of 
florists. Some of the East-Inditm Ehod^tdeiidra are epiphytes. 

(Ei'ACUijJACEiB are closely related to Ericace.'e, hut are distinguished 
by the oiie-celled antlu^rs opening by a chink; the filaments are also 
commonly adherent to llu^ corolla. "Jbe Order is commonly divided into 
two Tribes ; 1. Styphelicsa?, with one ovule in each cell of the ovary, and 
fleshy fruits ; and 2. l^hincrero, '♦vith numerous ovules in each *0011 of the 
ovarjr, and capsular unit. They are peculiar to Australia, the Indian 
anbipelngo, and the Soiith-Si'a Islands, occurring in great abundance, in 
the same way as the Encem do at the Cape of Good Hope. They do not 
appear to possess any active properties: many of them bear succulent 
berries ; some of them are eaUm, as those of Limanthe nainda, Astro- 
hnia himifumm^ the Tasmanian Cranberry, &c. Man^* of the Epacri- 
dacem are in culnvation on account of the teauty of their flowers.) 
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Order LXXXIX. OLEACE^E. The Olive and Ash Order. 


Chm. Oontortas, Endl, All, Solanales, Lindl, Coh, Jasminales, 
Eenth et. Hook, 


447. Dwffnom , — Trees or shrubs with 
^posite aiid pinnate or simple leaves; 
flowers with a 4-cleft (or sonuitimes ob- 
solete) calyx ; n rejyular 4-ch‘ft or nearly 
or <mite 4-divided, hypogynoua corolla, 
the lobes of which ara valvate in the bud, 
or sometimes apetalous; stamens 2-4, 
mostly 2, and fewer tlian the lobes of the 
corolla (ligs. 390, 391) ; ovary 2-celled, 
with 2 suspended oviiles in each cell; 
fruit fleshy or dapsular, often 1-aeeded 
bv abortion ; seeds with abundant fleshy 
albumen; radicle superior. 


Rg. 390.4 Fig. 891. 




Fifr. 890. Diagram of flowi'r of Liloo 
(s^ngay. f, brant; a, a, 
1)ni(‘ti.‘ole8. 

Fig. 391. Flower of Fraxinus, 


Illustrative Genera. 


Tribe 1. Ole.«. Fruit fleshy. 
Olea, Toumef. 

I^hillyrea, l^ournef, 
Ligustrum, Tournef, 


Tribe 2. FnAXiNEjB. Fruit dry, 
sometimes smnaroid. 

Fraxiuus, Tournef. 

Onius, Vers, 

Syringa, L. 


Afflnities. — The relations of this Order are rather obscure. Some authors 
connect them with the .lasminaceaj; but although some of the genera 
approach that Order in structure, they appear to be distinct in their 
valvate corolla, adnate (dorsiflxod) anthcTs, pendulous ovuhis, and the 
nature of the albumen. The SSalvadoracea* are also to be regarded as a 
neighbouring family. Lindley thinks the Order allied to Solonacere. 

Distribution. — ^A small Order, the members of which are chiefly found 
in temperate climates. 

Qualities and Uses, — Tlie most important plant of the Order is the 
Olive (0/fa europeea), so largtdy cultivated for the bland oil expressed 
from the fleshy pericarps. Onim^curopeeay 0. rotundifoUa, and Fraxinm 
excelsior have a sweet juice which hardens into the substance called 
Manna. Fraxinus excemor is the common Ash-tree, so valuable for its 
tough wood ; it only produces Manna in a warmer climate than Eritain ; 
its bark, as well as that of the Olive and the Garden Lilac {Syringa vul’- 
garis)^ has decided febrifuge qualities. The leaves of the Ash act like 
senna. The flowers of Oka fragrans are used in China to flavour Ten. 

This Order contains several of the commonest flowering shrubs of our 
gardens, the Lilac {Syringa), Privet {lAgusirurri), PMtyrea, ChumaU’^ 
thus, &c. 
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Order XC. JASMINACEjE. The Jasmine Order. 

Class. Contortao^ Endl. AIL EchiaJes, LindL Coh, Jasminales, 
lienth. et Hook, 

448. Diagnosis^ — Shrubs, often with twininff stems ; leaves opposite or 
nlteiTiate, mostly eompoiiiid ; calyx lind corolla hypogjmous, /)-8-parted, 
corolla iinbricatod in the bud; stamens 2, projecting from the tube of 
the corolla; ovary superior, 2-lobed, 2-celled, with 1-4 erect ovules in 
each cell; fruit a fteiTy or cnpsiile; seeds with little or no albumen. 

iLLUSTRAflVE GeNKRA. 

Jasminum, L, | Nyctanthes, Juss, 

Afflnltlea. — ^This Ord(T is distinguished from the Gleacem by the im- 
bricated jestii ation of the corolla, the emd ovules, and the small quantity 
of albumen in the seeds, besides the number of the organs in the floral 
envelopes, which is seldom a multiple of the stamens : most authors place 
it netur Oleaceae, others near Apocynacem and Ebenacese ; but Lindley 
thinks it has little connexion with them and really approaches more 
closely to Verbenacem. 

Distribution. — ^I’lie Order is not very extensive ; the major part of the 
plants are Easl-lndian ; a few occur scattered, two even in South Europe. 

Qualities and Uses. — The leaves and roots appear to possess a certain 
acridity ; but the most remai'kable quality is the fragrance of tht) flowers 
of many kinds, from the presence ol a volatile oil. Jasminmn officinale^ 
J, gramlijiormny and J, l^mbac especially yield this. Eyetanthes Arhor 
tristis is also exceedingly fragrant, but in the night-time only; its 
corollas yield an orange dye. 

(CoLUMEi.iJACE.ffi consist of a few species of Mexican or Peruvian 
plants, which have been supposed to approach Jasminacem, or still more 
closely to Gesneracero and Kubiaceae ; but their structure is not well made 
out. They have an adherent calyx, epigjmoiis corolla, two stamens with 
sinuous anthers, and an inferior 2-cellea ovary with numerous ovules. 
Seeds albuminous; embryo minute. 

(Salvadorace.® are a small Order of shrubs or small trees with oppo- 
site leathery leaves, panicled small flowers ; calyx, corolla, aiid stamens 
4-merou8, hypogynous ; ovaiy^ superior,! -celled; stigma sessile ; ovule!, 
erect ; fruit fleshy, !-s<*eded, and tlie seed without albumen. It is related 
by its 4-nary structure to OlcutH’ie and to I’lantaginacecc, having a mem- 
branous cnrolla like the last ; also resembling PlumbaginaccsB in habit. 
The species are found in India, Asia Minor, and North Africa. The most 
important is Salvador a persica, supposed to be the Mustard-tree of the 
Bible, its flesliy iruit having an ai'omatic odour and tasting like garden- 
cress. The bark of its root is used in India as a vesicatory. The leaves 
of 8, indica are purgative.) 
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Okbek XCI. PLANTAGINACEiE. 

Class, riumbngpiiiGS, EadL AIL Oortusales, LuiM, Coh, Plantaginales, 
Eenth, et Hook, 

440. Dimjmsis, — Ohiofly herb.*? with undi^voloped stems and tufts of 
loavo.s spreadinjj^ more or less on the ground ; flowers spiked, regular, 4- 
merous, tlie 4 stamens attached to the tube t)f the liypogynous dry and 
membranous moiiopetalous corolla, alteniating with its lobes; the fila- 
ments long and slender, and the anthers versatile ovary 8im])le, but 
spuriously or 4-celled by temporary adherence of the angles of the fi*ee 
central placenta to tin? walls ; ovules 1, 2, or numerous, peltate ; style 
and stigma simple, the latter rarely cleft; capsule membranous, dehis- 
cence circumscissile ; seeds 1, 2, or many, albuminous j the te.sta mucila- 
ginous. 

ILLT7.STIIATIVE OeNEHA. 

^ Littorella, L, | Plantago, L, 

AAnltlM. — ^Thi.s Order appears to find its nearest rcdatives in Plum- 
baginacem and Primulaccie, from which, liovvevi‘r, tlit? pf»sition of the 
stamens, alternating with the lobes of the corolla, distinguishes it, in 
addition to other characters noticed under those ( Irders. Tln^ supposed 
affinity to Amaranthaceie and Chenopodiace.e does not appear widl madt» 
out. In Littorella there is a tendency to abortion in one or other set of 
essential organs, producing a diclinous condition. 

Distribution. — not very (»xttmsive group, the species of which are 
generally diliu.sed, but most abundant in temperate ciimatt‘S. 

Qualities and Uses. — The foliage is slightly bitter and astringent, but 
the plants are not now regarded on this accoimt. The seeds of many 
species of Plantaf/o, such as PstfUinm^ arvanria, Cynojts^ &c., were 
much used formerly on the Continent, under the name of Scunon Psyllii 
and S. Pulicariffi, or Flea-seed^'fbr making mucilaginous drinks like those 
prepai*ed from linseed; the spikes of the fruit of P. major are much gathered 
in tlie green state under the name of Plantain, for feeding caged birds, 
P, fuajorj mmor, and lameolatUf called Plantains or Road-weeds, are 
among the commonest of our weijds 6u road-sides, in meadows, and all 
undisturbed ground where the soil is not very light. 


Order XCII. PLUMBAGINACE J3. The Thrift Order. 

doss, Plumba^nes, Endl. AU, Cortusales, Lindl, Coh, PrimulaleR, 
Benih. et Hook, 

450. Diagnosis , — ^Maritime or mountain herbs or undor-shrubs, often 
with undeveloped stems and clustered leaves ; flowers regular, 5-merous, 
with a plai^d calyx ; the 5 stamens opposite the separate petals or the 
lobes or the monopetalous corolla; .the free ovary 1-celled, with a solitary 
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ovule hanging from a long funiculus which arises from the base of the 
cell ; styles 5, rarely Jl or 4 ; fruit either utricular or dehiscent by valves 
al)ove ; seed with a simple testa and little albumen.^ 

Illustuative Geneea. 

Statice, Z. Plumbago, Tourmf, 

AfBnltleB. — This Order is strongly characterized by the peculiai* attach- 
mtiiit of its ovule : this, with the numerous stylos, sepmates it from the 
I'riiiiulHcen*, which it approat^hes in the position of the stamens and some 
other points; tlm siliutj characlei's, with the position of the stamens, distin- 
guish it from Plantaginaceie ; and these imuks, with the plaited calyx, 
isolate it from all the other Coroilifloral Ordei*s, among which it claims 
a place in spite of th(^ occasionally polypetalous or even apetalous con- 
dition. 

Distribution. — A rather large group ; some kinds arc found all over the 
\forld on the st‘a-shore; olhei*s are more local in similar habitats, in 
Iglt-maiwhesjmHn^ to alpine 

«WlWhtartr ^. ' :^ Tif g 

acriil and caustic. The roots of iSlaiwv carulhiiam are poweriVHpISBli^ 
gent; thost* of Plumhiujo europaa, zvyluniva^svanihm^ and others are veiy 
active blistering-agents when fivsli ; that of 1\ eunpeea is nstid dried as 
a remedy for toothache. 1\ toxicuna is said to fuiuish a poison in 
IMozuiubique. The Garden Thrift {Aiimria rwAr/rtrw), commonly used for 
edging, like Ilox, is said to be an active diuretic : the dried tlowers are 
tisi'd for this purpose. Small doses of the root of IHumhiyo europani are 
said to act as an (‘imdic. 

Tile flowers of many of the Plunibaginacea?, e.specially species of Sta^ 
five, are very handsome, and many are cultivated on tliis account. 


Order XCllI. PlllMULACEJMMPmi^MbiRosE Order. 

Class. retalanthaB, E ndL All. Cortusales, LindL Coh. Primulales, 
lienth, vt Hook, 

451. Dijagnosis . — Herbs with oppo site or alternate simple leaves 
and regular, perfect flow'erf!"1!!!ffWnuenB as many as the lobes of the 
monopctalous (rarely iiolypetalous) hypogynous corolla, and attached 
opposite to them in the tube ; ovar}^ 1 -celled, with a free central 
placenta bearing several or numerous dbuminous seeds, a simple style, 
and u capitate stigma. 

Character. 

Calyx 5- or rarely 4-cleft, free or half-adherent, regular, persistent. 
Corolla hypogynous, monopctalous, and the limb regularly 5-, or rarely 
4-cleft; or more rarely composed of separate petals, or absent. 
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Stamms equal in number to the petals or 
adherent to them; or in apetalous flowers 
hypogynous and ^ternating with .the 
teeth of the calyx. 

Ovary l-ccUed, with a free central pla- 
centa bearing many ovules; style siqgle; 
stigma cajutatc. 

Fruit : a capsule opening by valves, more 
rarely circutnscissile* (fig. 392), maiiy- 
seeded; seeds peltate; the embiyo in 
fleshy dbumen. 


lobes 0 ^ the corolla and 
Fig. 392. 



Capsulp of ylnrrW//ff opening by 
oircumsdsBiie dehiHeence. 


iLLirnTRATlVK GeNEUA. 

Primida, i# Olaux, lotmiof. Anagallis, Tournef. 

Cyclamen, Tournef, Lysimachia, Samolus, Tournef. 


Afdnltlefl— ^ThisJs-jm < 




"It is one Ot those fif wJiicli the tiaee central plac(jnfirx§^3?C^ 
Stinctly seen, forming an exception to the very general rule of 
the placentas arising fr6m the margins of the carpels. lii the next pla(?e 
the position of its stamens opposite the pedals is an exception to the rnle 
of alternation of the organs of successive floral whorls, to be ex])laiued 
only by supposing an iiiterinediate whorl of stamens to bo suppressed (in 
favour of which is found the condition of Samohts^ Lysimavhia viliata^ 
and others, where five teeth, which may be abortive stamens, altcrnatci 
with the lobes of the corolla), or by the hypothesis of vImrUis ( §§ 149, 152). 
In JSamolm we have the (mlyx partiaUy ailhei-ent to the ovary. In some 
foreign genera the petals arc either nearly .or quite distinct. In Trivntufis 
europoiu the lobes of the cah’x, c;oro]1a, and the number «>f stamens vaiy 
from 5 to 9. In Ghin.r the corolla is abaont, and the calyx coloured. 

The relations to IJliiniLjudii^^^are close, ))oth in the structure and 
the habit of many^ffllvf^^S^^Wcn jindrosarr and some Prhmdtp and Ar- 
fnerittj tkc . ; but the solitary ovtih? of that family is a distinctive character. 
The Primulaceie are still nearer to the (;xotic Order^Lgyg|||||mas regards 
the structure of tlie flow(‘rs ; but those ore trees or rnmiD^wmr berry-like 
fruits, and have minor charaqirei's of distinction noticed under that Order. 
On the other hand, they approach Soj^^gffi in habit, but difl'er much in 
structurti. 

Distribution. — A considerable family, the species of which are chiefiy 
found in temperate and coM parts of the NortJjcrn hemisphere, in alpine 
regions or the sea-shore when in lower latitudes. 

Qualities and Uses. — The Cowslip (I^nmuki veris) and other species 
appear to possess R(*dativo properties. The StMmuiUw are slightly purga- 
tive. ' The Cyclamens have a fleshy tuber which is more or less acrid ; 
and Oyclamm mrvpmum is said to be a drastic purgative. 

'^e most remarkable quality is perhaps the beauty of the flowers, for 
which a great number are cultiva^, especially species of Prirmda, which 
includes the Cowslip, the Prim^wifc proper (P“ vulgaris^ the Polyanthus, 
a garden variety of tnis, the etaiiar)^ the Auricula (P. Auricula, 
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from tlie Alps), &c.^ Many dwarf species of Primula and Androsace are 
alpine plants,” a4|is also Soldamlla, Qlmx and S^amolm belong to salt- 
marshes ; IliMmia to i&eshwater brooks, having feathery submerged leaves j 
the L]ifdmachue mostly grow in wtet places. Many of the genera are repre- 
sented in our native flora, while Androiaee^ Di^ecathem^ and Soldamllaj 
which are nidstly alpine plants, ore commonly cultivated. 

(MvnsiNACE-as are so closely related to Ihimulacet© in the stmcturo of 
the flowers that no absolute character of distinction can be drawn there- 
fj’om, since the? iinheddiiig of the ovules in the placenta, pncral here, 
occurs in several Primulaceous genem, for example in Anagmis. But the 
Myrsinacece are of tfhnibbv or tree-like habit, and their fruit is fleshy. 
They belong chiefly to the islands of the Southern hemisphere ; and some 
of tiieni are cultivated in this cjounirj’^ ns evergi*een shruTbs requiring pro- 
tection in winter. The seeds of some species of ThvnphraMa and Mgrmm 
ai*e nutritious; and the ht*mes of some plants of the Orde^;. are edible, 
although othera ai*e said to be cathartic.) 

(yEGiCKiiACKjR include a*gt»niis of plants growing on sea-shores in the 
tropics, and rooting from tbe^ flood *< ¥OgBQte like Khizophoraeem, and con- 
distinct Order ^ some writers. rA ytc a iy^ ' di ifate f ronr’* 
Myrsiuncem chiefly in having exi^huminous seeds, a follicular ff t ii^ ai i id 
trausverst; dehiscence of the anthers.) 


Order XCIV. SAPOTACEJ5. 

Clms, Petalaiithaj, JBudl AIL Rhamiiah‘S, LindL Coh, Sapotales, 
Bmth, et Hook, 

452. Jh'agnoaia , — ^Trees or shrubs, mostly with a milky juice ; leaves 
alternate, simple and entire (often insty-doViiy heneath) ; flowers small, 
regular and perfect, usually in axilhirv clusters ; calyx free and persistent; 
the fertile stamens commonly as many as the lohes of the short hypogy- 
iious corolla, and opposite to them, attachedHo’the one or 

more rows of appmidages and sc.ales or sterilo stamens ; anthers extrorse ; 
(»vary 4-12-celled, with a single anatr(»pous ovule in each cell ; seeds 
large, U8uall^'«UMu»kioiH. 

Illustrative GkniAa. 

Chiysophyllum, X. | Isonandra, WUjH, | Bassia, Kih^ 

Aflnitlef. — ^Allied to Myrsinacete, but distingvAied by the placentntion, 
onatropal ovules, and other important chai’actors, — also to the Ebc'naceuj, 
which they resemble iu habit ; but they have a milky juice, and wood 
generally of a soft character ; other diflerences also exist iu the perfect 
flowers, such as erect ovules, simple styles, &c. 

Distribution. — K considerable group. Chiefly tropical : Asia, Africa, 
and America. ^ 

QuaUtios and Dses. — ^The plants of this Order are Tfduable for succu- 
lent fruits, febrifuge bark, oleaginous secretions, and peculioi* gum-resins in 
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the milky juices. Of the fruits, the Sapodilla Plum {Achras Saimta)^ 
the Marmalade (A, mammom)^ the Sl;ar-apple {Chr^0^hyttmn Camito), 
and the Surinam' Medlar {Mimmopa Elmtji) are the most noted. The 
bark of various species of Achras has been used as a substitute for Cin- 
chona. The fruits of lifmia hutyracea and B, hnyifofia yield a butter- 
like oil, largely used in India ; another species in Africa is said to yield 
the Shfea or Galam butter mentioned by travellers, hmandm Gtdta is 
the tree from which Uutta Percha is obttiiued, by evaporating the milky 
juice. 


Okubk Xt!V. !|iIBE!N’ACE^. • The Ebony Order. 

Clans. Pelalouthae, Endl All. Ocnilianales, Coh. Sapotales, 

lie)dh. et Hook. * 

4o*3. i>/«rywo/j?>.-r-TrGos or shrubs with altemate entire leaves, without 
milky juice; Jlowers regular, ptdygamous, with the calyx free from thti 
3-^12-(‘elled ovary ; the stamims twicie or four times as many as the lobes 
of the^rolla, often in pairsjbei'ore thtim ; anthers introrse ; fruit a seveial- 
celled berry; ovules 1 or 2, suspended from the summit of each cell; 
seeds large, dbumiuous ; radicle superior. 

Illusthative Genera. 

Iloyena, L. | » Diosp^Tos, Z. 

AfBiiitiei.^The Kbenacom are distinguished from the Sapotacine by 
several important cluiraclers iioU‘d under itliat Order ; on the other hand, 
thev approach the Aquifuliacefe in many points, but are separaUd by 
their strongly coherent horal envelopes, usually numerous stamens, and 
twin ovules, &c. To the Oleacem thc^^ are allied by the placeutation and 
other points ; but the alternate leaves, more numerous stamens, and com- 
monly diclinous flowers allbrd very marked distinctions. The 8tyi*a- 
cace% are also very n(.*ar to this Order, but frequently have an adlunreut 
calyx, petals less coherent, and a simple style vvith a capitate stigma. 

Distribution. — A considerable group, tlie members of which are dis- 
tributed mostly in tropical India, but a few are scattered elsewbei^e. 

Qualities and Uses. — Thepprincipal property which bos beeli noted in 
these plants is astringency ; but they are l>ett(‘j known and far more 
important on ac^count of th^ir hard and dark-coloured wood, the heart- 
wood of many species of Diospyros ponstitutiug Ebony ; 1). Ebenm yields 
it in Mauiitius ; 1). Mdtkoxylon on the (])oromandcl coast ; J). Ehenast&r 
is the bastard Jilbony of Ceylon; and 1). Jiirsuta has a variegated wood 
called CaJamander. Other species are also used. 2). viryiniana, a North- 
American species, bears the fruit called Persimmon or Date-plum, which 
is astringent when ripe, but is eaten ^r it has been affected by frost. 
JDiofypyros iMos (Em'opc) and JD. 2raii;i t^phinaj^ have also edible fmt 
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OitDER XCTI. AQUIFOLIACEJS or ILICACEiE. 

The Holly Order. 

Class, Frangdacead; Endl. AU. Gentianales, Lindl, Coh, Olacinales^ 
Benth et Hook, ' 

454. Diagnosis, — ^Trees or shrubs, with small, axillary 4-6-merou8 
flowers, sometimes diclinous by alx)rti(m ; a minute coroUa free ii’om the 
4~G-cellcd ovary and the 4~0-seeded berry \ the stamens as many as the 
divisions of the almost or quite divided 4-^>petalou8 corolla, alternate 
with them, attached to the very base; bvary 2-6-celled; cells with 
1 ovule; stigma almost sessile, lm)ed ; filiit suceuient, with 2-0-stones ; 
seeds suspended, with copious fleshy albumen ; radicle superior. 

Illustrative Gener’a. 

Ilex, I ^ Prinos, X. 

AfflnltieB. — The aflinities of Aquifoliacese to Ebenaceoe and Sapotacem 
liave been noticed under those Orders. Some authors consider them re- 
lated to Khamuacem or Oelastraeem ; but their monopotalous corolla, 
want of disk, straight embiyo, and their relations to Ebcnaceoe, as well 
as the difleronce in the ovary and seeds^ remove them from the immediate 
neighbourhood of those Omei's. On the other hand, they exl^ibit some 
approach to Loganiacem and Apocynaceie. 

Dlstribntioii. — ^A small Order, widely scattered, but sparingly. Jfoa* 
AquifoUnmf the Holly, is the only European speseies. 

Qualities and Uses. — The bai'k is ordinaiily astringent find tonic, and 
that of the. Common Holly is esteemed a febrifuge ; its berries produce 
emetic and purgative action; its leav.es, and still more those of Ilex' •^ara^ 
guagmsisj called Mate or I'oraguay Tea, resemble Tea in property, as is the 
case also with Pnnos glabra, a Norlh-Aiuericau shrub. Other species of 
Ilex are also used for this purpose in South America. The visidd substance ' 
called Bird-lime is made from the bark of the Holly ; and its close white 
wood is valued by cabinet-makers. 

(STYBACACEiB OTO remarkable among the Orders here placed near it for 
the iucq|p[8tancy of the character dependent on the adhesion of the calyx ; 
Miers divides it into two, Symplocaceie and^tyracacefie, separated by this 
mark, and by the mstivation ef the corolla and other points. It is com- 
monly regarded as related to Ebenocem among the CoroUifl orals, and also 
to Aurantiacem and Teinstrcemiacem among the Thalamiflorals ; while 
Liudley connects it with CelastracesB througn Sapotacem : others point 
out a resemblance to l^hiladelphaccm. 

Distribution. — Scatterod sparingly in the warm regions of Asia and 
America. 

Qualities and Uses. — ^Bitter and aromatic, sometimes containing a; pun- 
gent resin. Gum Benzoin is obtained from Styreix Benzoin in the Mfday 
archipelago ; Storax from St, offidmh in Syria ; other species yield simil^ 
resins, i^mplocos furnishes dyes or mordants ; the leaves of S, tinctoria 
(Sweet-leaf, or Horse-sugar, North America) are sweet, and ore eaten by 

p 
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cattle. Haima tetra^^a, another North-American plant, is called the 
Snowdrop-tree, on account of its numerous white bell-shaped blossoms.) 

(OLACACEii!: are an Order of tropical trees and shrubs, •apparently nearly 
related to Santalacefe, but have distinct petals and a fij;ee ovaiT ; they 
have the stamens opposite the petals. Icacinackje, separated Irom the 
preceding by Miers, have the stamens alternate witii the pettds'. In both 
the {estivation of the petals is valvate ; while Cyrit.’lack.®, a fprdup of 
North- American shrubs, have imbricatetl petals. Humiiuagea!: ore tro- 
pical Ameri(;aTi trees or shrubs with .balsamic juice, and monadelphous 
stamens having an etilai'ged flesh v coimective ; they appear to be related 
to the Olacacca?, while, on the other hand, they have aflinities with the 
StyracacesB and with the Aurantiactete. The systematic position of all 
these gi’oups is at present uiis(?ttled, ns is also that of Canellaceje, a 
little group of plants connected with Cliisiacese by som^uthors, by others 
with Olocacem and their allies.) 


Order XCVII. LOGANIACE^. 

Qass. Contorts, EtidL AIL Gentianales, LindL Coh» Gentiannles, 
lienth et Hook, 

455. Diagnosis. — Shrubs or herbs with opposite leaves and interposed 
stipules sometimes reduced to an elC\'atea line t)r a ridge ; calyx 4-5- 
cleft j corolla hypogjuious, monopetalous, regular, 4-, 5-, or lO-cleft, val- 
vate or contorted or "imbricated in {estivation ; stamens inserted on the 
corolla; ovaiy superior, usually 2-cclled; style divided above into as 
many lobes as the cells of the ovary ; ovules numerous or solitary ; fruit 
capsular, 2-celled, with the placentas Anally detached, drupaceous, with 
1- or 2-seeded stones, or baccate wdth the seeds immersed in pulp ; seeds 
with a straight embryo in fleshy or cartilaginous albumen, sometimes 
winged, mostly peltate. 

Illustrative Genera. 

Usteria, WiUd. ( Logania, D. Hr. Stiychnos, Z. 

Spigelia, L, | Fagrma, Tkunb, 

ImnitliMi. — Tills Order was formerly associated with Apocynacem and 
the neighbouring Orders ; but, as remarked by lientham, it consists, on the 
whole, of llubiacesB with a free ovary, at the same time approaching, by 
certain of its diverse forms, some of the genera of several of the CoroUifloral 
Orders even more nearly than the general muss approach Hubiacem. To 
Apocynaceae, which are very near in ^neral structure, some genera, such as 
Oemostoma, which has contorted mstivation of the corolla, and MUrasacniej 
where the carpels are partially distinct below and united above, approach 
very closolj i. Mitramcme and Mitreola were formerly arranged as doubtful 
OentiatiaceaB, and Fawasa and FotaUa approach kill more nearly, the 
former greatly resembling Lisianthus in character, while Buddleia and its 
allies have been referred to Scrophulariaceee until lately, but are Ittought 
into this Order l^Bentham, since they cannot be separated itomLogania. 
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The main difference from Apocynacese lies in the stipules; but these are 
sometimes reduced to a mere line connecting the leaves: the peculiar 
stigma of that Order affords another means of separating them ; and the 
Apocynacece often have hypogjmous glands^ which the liOganiacem have 
not. From Gentianaceie the distinction lies generally in the stipules and 
the exile placentati on ; occasionally the succulent condition of the fruit 
is required as a decisive mark. From the Scrophulariacem the stipules, 
the regular corolla^ 'the agreement of the number of- stamens and lobes of 
the corolla, and quincuncial ssstivation divide Loganiacess in most cases ; 
and although that aestivation and the regular corolla ocx:ur sometimes in 
the former Order, there are then usually alternate leaves and no stipules. 
As observed by Jlehtlnuii, this is hardly so much a Natural Order as a 
receptai;le for anomalous forms of several really natural groups, Kubiacca), 
Apocynacese, Gentiannceae, &c. 

Distribation. — A rather large group, the species of which aife chiefly 
tropical, but some are found in North America and Australia. 

Qualities and Uses. — The plants belonging to this Order have mostly 
powerful poisonous properties, in particular the genus S^trychnoa, & 
Nux-vmnica bears the seeds known by its name, so noted for the presence 
of Strychnia. S. taxifera is said to furnish the active ingredient of the 
celebrated Woorali poison of Guiana. S, cotjcntt is likewise used to poison 
arrows in Central America. S, (the bark of the root) yields the 

Java poison called Upas Tieute. Marty seem to be free from st^chnia as 
regards the hark ; for that of S, l^udo^ina is used as a substitute for 
Cinchona in Brazil, that oi‘ S, Nrtx-roniica also, and the wood of S. Uguatrinaf 
called Ligmiiii colubrinum. S, potatomm^ an Easi-Indian species, is called 
tlie Clearing-nut ; and it is said that, when its seeds are rubbed round in a 
vessel couiaiiiiiig muddy water, it causes the impurities to settle. The 
scuds from tho Philippines, known as St. Ignatius’s Beans, have been 
described us tho seeds of a plant called L/natta amara ; but Jlenthom has 
shown that this genus has no real existence, and that the seeds are pro- 
bably those of an unknown Strychnoa, perhaps mvMiflora^ which grows on 
those islands, lie states also that much uncertainty exists as to the 
identity of the many species described by authors, such as S, coyens, ligua^ 
frimj &c. The speci(?s of Spigvlia are acro-narcotic ; S, marilandica^ the 
(liarolina Pink-root, and anthehnia are used as vermifuges, but ore 
somewhat dangerous, sometimes producing spasms and even convulsions. 
Potalia amara is bitter, acrid, and emetic. 


Obbbr XCVIII. GENTIANACE^. The Gentian Order. 

Claaa, Contortm, Bndl, AU, Gcntianales, Lindl, Coh, Gentianalcs, 
Benth, et Hook. 

450. Diatom.— Smooth herbs, with a colourless bitter juice, 
opposite and sessile leaves, mostly simple, entire, and strongly 
ribbed, without stipules ; flowers regular, with a persistent calyx^ 
with stamens as many as the lobes of the usually withering-persistent 
corolla, and which are convolute (rarely imbricated, and sometimeB 
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yalvate) in the bud ; ovary l-celled, with two parietal placentas, pro- 
jecting more or less toward the centre ; the fruit mostly a 2-valvod, 
septicidal, many-sceded capsule, sometimes with a fleshy pericarp ; 
seeds small ; embryo minute in the axis of fleshy albumen. 

iLLTTSTnATmc Geneba. 

Gentiana, Z. Erythrsea, Hen. Menyanthes, Z. 

AgathoteSj Bm» Chlora, Z. Villarsia; Vmt 

AfBnltlei. — This Order stands very near Apocynapeapi, from which it 
differs in its placcntation and completely coherent cwpels, habit, want of 
milky juice, and other points. Tlio parietal placentas distinfruisli it from 
the ftcrophulariacero and allied Orders which somotimes show an approach 
to the re^lar structure of Gentianacese. Gesneracem differ in their in*(*friilar 
flowers, asilo embiyo, and other characters. An affinity exists to Oroban- 
chaceas, ^ecially through OhoUiria, a N.-American plant formerly re- 
ferred to that Order, Voyra^ a parasitic leafless genus, and some allied 
forms lately discovered in South America, while Crawfiirdia, a twining 
genus, seems to connect the Gentianacem with Oonvolvulacefe. 

Dlstrllmtion. — A large Order, generally diffused — ^the large genus Gen- 
tiana especially inhabiting the mountains of temperate and hot climates, 
but not m polar regions. 

Qualities and Uses. — Bitter, tonic properties are general ; a few are 
emetic or narcotic, especially when fresh. Among the bitter kinds medi- 
cinally employed are the Gentians, G. lutea (officinal), 

all European, (?. Cateiihm‘([J G,Kurroo ('Iliiiialaya), Frmcra 
Walieri (U.S), Atfothotes Chiraylta, a native of the Himalayas. Erythrcea 
Centaurium^ Menymithes trifoliota, Chhm perfoliatay Gvntiana campeKfrU 
and AmaroMay all British herbs, liave been used in the same way. The 
plants of this Order mostly have beautiful flowers, brilliant blue predomi- 
nating, but red, white, and purple, and more, rarely yellow occurring. The 
Gentianella of our gardens is G, acauHs; and the smaller Gentians are among 
the most beautiful of alpine plants. Villarma nymphoioidee is an elegant 
water-plant occurring in Britain. lAmmiithemumy an exotic genus, is also 
aquatic. 


, , ^DER XCIX. APOCYNACE^. Dog-banes. 

\ ) 

CloBs, Contortse, Endl, AU, Gentianales, Lindl, Coh, Gentianales, 
Bmth, et Hook, 

457. Biaynosis. — Plants with milky acrid juice, entire (mostly 
opposite) loaves, without stipules ; flowers regular, S-mcrous and 
5-androus ; the 5 lobes of tho corolla convolute and twisted in the 
bud ; thj^. filaments distinct, inserted on the corolla, and the pollen 
grani^lAi!^ bva^ 2- or more rarely l-celled, composed of 2 carpels 
morojbr^&ss i;^erent in the ovarian and stylar region and quite 
drum-shaped or dumbbell-shaped stigma ; ovules nu- 
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merouB ; fruit 1 or 2 follicles, a capsule, drupe, or berry ; seeds mostly 
with fleshy or cartilaginous albumen. 

Illustbativb Gbxeiia. 

Allamanda, X. Tabemaemontana, Fkm, Nerium, X. 

Hancoruia, Gornxz, Vinca, X. Apocynum, Tmmef. 

Carissa, X. Wrigntia, R. Br. Dipladenia, JDC, 

Taugliiuia, Tfiouara, 

Affinities. — li-clated closely to some Jjoganiacese and to GenflonaceoB, 
as noticed under tht)se Orders — idso to Asclepiadaceoe, from which they are 
chielly distinguished by the freedom of the stamens fi‘om the stigma and 
by the coherent pollen. The thickened stigma, however, and appendaged 
anthers found here indicate a close relationship. Alyxia has ruminate 
albumen. 

Distribution. — largo group, the species of which are chiefly tropical, 
a few scattered in tempemte edimates. Vima occurs in Britain. 

Qualities and Uses. — Often violent poisons, acting as drastic purgatives 
and emetics, sometimes with a nai'cotic influence. Not a few, however, 
have delicious edible fruits ; and the bark of some is tonic and febrifuge. 
The liiilky juice cuii tains Caoutchouc, in soulo cases suflicient to become 
commercially valuable. The poisonous principles appear to occur chiefly 
in the seeds and in ihe milky juice. The seeds of Tanghinia venmifet'aj 
the Madagascar I’oison-iiut, are very deadh^, as are also the seeds of Cerhtray 
Thevetia, Cameraria laUfolia{\hQ Bastard Manchineol^ , the stem, root, leaves, 
and llowe^rs of Nerkun (the Oleander), Bchites, Plumicra, &c. Where some- 
what milder, as in Aiwcymnn and AUmnanday th^lonts are occasionally 
available medicmally, but only in small doses. TvriyMia mUidysi^nttirwaj 
some species of Carissa, Ilaiwornia puhescettSy and others are simply bitter 
and febrifuge, like Gciithms. The succulent firuits of ITancomia spedosa 
(Brazil), Varissa Canuvlas and edulk (East Indies), RmipeUia grata (Sierra 
Leone), are not only harmless, but very delicious. Caoutchouc is obtained 
from tlrceda elastka, WiUughheui edmin (East Indies), Vakea gvmmifera 
(Madagascar), Coihphora utilis and Canicraria latifolia (South America). 
The milky juice of Tahernermimtanu atilisy the Cow-tree of Demerara, is 
innocuous and nutntious. Wngidia tiiwtvria furnishes a kind of indigo ; 
and the wood of species of Wnghiia (hkist Indies), Aspidosperma (Giuana), 
&c. is valuable as timber. This Order furnishes some of our most beau- 
tiful stove-plants — JEckites, Allamatulay Dipladmiay Neriumy Flamieray &c. 
forming stiiking ornaments in every extensive horticultural co]jlection. 


Prder C. asclepiadaceoe. 

CTma Oimtdrtae, XftdZ. AU. Solanales, IMd, Coh, Gentianales, 
Benth, et Hook. 

458. Diagnom . — Shrubs or herbs, often twining, with . milky 
juice, opposite or whorled (rarely scattered) entire leaves without 
stipules 'y flower regular, 5-merou6, 5-androus, the lobes of the ooroUa 
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mostly valvate ; carpels 2, distinct, but adherent below ; stippuas co- 
herent into a 5-angled ileshy head, to which the anthers are adherent 
(fig. 393) ; pollen coherent into wax-like or granular masses ; ovaries 
with numerous ovules on the sutures ;• fruit a pair of follicles, or by 
abortion 1 ; seeds mostly with a crown of hairs at the hilum, with 
thin albumen. 

Ilt.usthativk Genes a. 

Hemidesmus, JR. Br. Calotronis, JR. Br. Hoya, JR. Br. 

Poriploca, L, Cynanclium, L. Stapelia, L. 

Vincetoxicum^ JSIoench. Asclcpias, L. 


Fig. 393. 



Fig. n93. a, Flower of AtetepioB pvrpuraBcenn; h. ayrri.i(;ril 8(>(;t-ion, with the pc'taln 
removed: e, side view of a stamen; d. inside view of an anther (p, pollen-sau) ; 
e, two pollen-masses; cross section of the ovarj. 

Affinities; — ^The curious organization of the stippna and pollen is the 
great distinguishing feature of this Order, which in other nispects is 
closely allied to Apocynacese. When the pollen is mature, it escapes in 

pollen-masses ” from the anthers (fig. 393, e), and adheres to gelatinous 
processes developed on the sides of the stigma, which retain it, so that it can 
push its pollen-tubes into the lateral and inferior stigmatic surfaces ; after 
fertilization, the stigma with the adherent anthers and filaments separate 
from the stvle and leave a pair of distinct carpelsi which ripen (one or 
both) into free follicles. 

DisMImtlon. — A large Order, mostly tropical, in Asia, Africa, and 
America; one or iVo species occur in Europe, and a few in North 
America. 

QnalltieB and Uses. — Generally resembling the Apocynacess ; but the 
active properties are not so much developed, and the succulent fruits do 
not ajlpear hem. Species of Asdepiaaf Cyfumchwn, CaJl4}iro]ns ('Mudnr), and 
JPeriphoei are more or less emetic or purgative ; the leaves of Sblenontemma 
ArgM i^d Gomphocarptts fnitieoftus are frequent adulterations in Alex- 
andiiair^eniia, and are said to cause piping. The roots of ITemidcsmm 
indkm aie as a substitute for Barsaparilla, The milky- juice of 
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Cifuanchum otalifolimn yields Caoutchouc at Penang. Mar»dmia tma^ 
cmima and Orthanthara vimima^ ICast-Indiau plants, afford a^very tenacious 
fibre ; Marsdenia tincUrria a kind of Indig^o. The HitapclifB and Ccrope^ 
(fiep are remarkable for their succulent habit ; some of them fonn curious 
tubei's, as lirmhyMma, Iloya partakes of the succulent habit, but has 
wax-like leaves and blossoms, sometimes very handsome. Dkclddia is 
remarkable frn* its pitcher-leaves (§101). Oymneina Inctif^'a is the Cow- 
plant of Ceylon, w'hich yields a milky juice, harmless and nutritious, and 
whi(;h is used by the natives as food. 

(TTYi)noi»iiYLLACF«i3 form a small Order, allied in some respects to 
Tlora^inacniai, but ditfenufr in their one-celled many-seeded ovary with 
piirietal plaeentatiou, which (dso separates th(*m from Polemoniacea), with 
which they liave many points of agreement. They are chiefly natives of 
the north and (extreme south of America. Their ]>roperties are unimportant; 
but species of some of the genera, as NemtiphUay Etdoca^ &c., are interesting 
and showy garden plants, grown with us as tender annuals. Ilydroleads 
ai'e sometimes separated from this Order by reason of their distinct styles 
and anatropous ovules.) 

(DiAPENSiACKiK coiisist of two genera, Eiapmma and Pyxidantkeray 
each having ontj species. Tliey are connectf^d with Convolvulaceae by 
some authors, but appear to stand between TTydrophyllaceffi and Pole- 
moniacc'iB, liaving a ;i-celled ovary like the latter, and a filiform embryo 
with very short cotyledons, approacOiing that of the former. They are 
very closely allied to Ericaccire, but the anthers do not open by pores.) 


OiiDER Cl. POLEMONIACB-®. The Phlox Obdeb. 

Class, Tubiflorse, Etidl, AIL Solanales, Lindl, Coh, Convolvulales ?, 
Betith, et HooJi, 

459. Diagnosis, — Herbs with alternate or opposite leaves, regular 5- 
inoroiis and /5-androus flowers, the lobes of the corolla mostly convolute 
(sometimes imbricated) in ssstiyation ; ovaiy 3-cclled, style 3-lobod ; the 
capsule 3-celled, 3-valved, loculicidal, few- or many-seeded ; valves usually 
breaking away from a triangular central columella ; seeds albuminous ; 
embryo straight; cotyledons elliptical, foliaceous. 

Illustbatitk Genera. 

Phlox, L, Ijeptosiphon, Bervth, Cantua, Jms, 

Collomia, Nutt, Polemouiiuu, Toumef, Cobsea, Cav, 

Afluntttes, ftct — One of the smaller Orders ; it is remarkable for its 
3-celled ovary. It is nearly related to Convolvulaceee, Cobim agreeing 
even in the climbing habit ; the oyanr equally distinguishes it from these, 
the Hydrophyllace«$, and the Gentianaceee, to all of which it has close afii- 
iiity. From Diapensiacefe it differs in the regular calyx and insertion of 
the stamensj as well as in the embryo. The seeds are remarkable in many 
cases for hairs upon the testa containing a spiral fibre ; in CoUorma these 
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expand elastically when wetted ; in CchM they are short, broad, and firm. 
The Polemoniacete occur most abundantly in the temperate re^ons of 
North and South America. Poleinonmjn ceBru^mm^ Greek Valerian or 
Jacob's Ladder, grows in the north of England, and is common in gardens. 
The other genera furnish some of the favourite tender perennial and annual 
herbaceous plants of our gardens. They have no important properties. 


Ori>bb CII. CONVOLVULACEiE. The Bindweed 
Order. 

Tubifioro, En/dl. AU. Solanales, lAndl, Coh, Oonvolvulales, 
Benth. et Hook, 

ft 

460. Chiefiy twining or trailing herbs, sometimes 

leafioss and parasitic, or shrubby and erect, often with some milky 
juice ; wdth alternate leaves (or scales) ; flowers regular, 5-androus ; 
calyx of 5 imbricated sepals, the 5-plaited or 5-lobcd corolla convolute 
or twisted in the bud ; ovary 2-celled (rarely 3-cclled), or with 2 
separate pistils, with 2 erect ovules in each cell, the cell sometimes 
doubled by a false partition between the seeds, thus falsely 4-celled ; 
embryo large, curved or coiled hi mucilaginous albumen, with folia- 
ceous cotyledons, or (Ouseutece) filiform and coiled with the cotyledons 
scarcely perceptible ; radicle inferior. 

Illusti^tive Genera. 

Convolvulus, Z. I Ipomcea, Z. 

Exogoniumji Chois. | Cuscuta, Toumef. 

Afflnltias. — ^This Order approaches the regular monopetalous Boragina- 
ceee, Polemoniacem, and allied Orders ; the structure of the ovary separates 
it from the first, the curved embryo and thb fruits from the second. 
Gordias also di^r in their .exalbuminous seeds and superior radicle. 
Some of the Convolvulacem are of shrubby habit, and depart widely from 
the appearance with which we are most familiar. Cuse^ is sometimes 
made the type of a distinct Order ; but the parasitical habit is not a sufli- 
cient character. 

DistrilmUon. — ^A la^ Order, of which a few speSies occur in temperate 
climates, but the majority belonj? to the tropica. 

Qualities and Usesi^A purgative property generally characterizes these 
plants, among which are several yielding important medicinal substances. 
True Jalap is the root of Exogonittm Purguj Scammony of Convolvultts Scam- 
mania; Pharbitis cnthartica and Iponma iuberosa yield a similar substance. 
The white hedge-Convolvulus, Calgstegia aepium, has a similar action, as 
also yaiioi^ JpernB^ and Convolwdif the active matter being a kind of resin 
existing k^ the milky juice. The seeds of PhatMia XU and P. candca 
are also used as purgatives. On the other hand* Batatas edtUis forms a 
large fleshy tuber, which is widely cultivated and eaten under the name of 
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tho Sweet Potato^ and Iponima macrorhiza has edible farinaceous roots. 
The twining and trailing plants of this Order are mostly remarkable for 
tho beauty of their flowers, and many of them are cultivaied; tho garden.. 
Major Convolvulus is Pharhitin pm^pureay the blue Miner Convolvulus is 
Convdvulm tHcolor, Cmvolmdm arvensisf Bindweed, grows eyerywhere, 
on the ground, rooting at the nodes ; C. Soldanella grows in like manner on 
the sea-shore ; Cah/steffia sepiunif the White Convolvulus, is one of our 
most beautiful and at the same time commonest hedge-plants. — ^The 
Cnsaiit)oe are remarkable for their leafless parasitic habit ; they germinate 
in the ground, and then cOil themselves round the stems of plants and send 
roots in through their rind, by which they are then entirely nourished. 
They have wire-like stenis with minute scales at the nodes, and tufts of 
small Convolvulac(jous flowers. They are great pests in clover- and flax- 
iields, destroying the plants they infest. 


'Drdbr cm. SOLANACE.^. Nightshades. 

ClfiiM, TubifloTiB, EndL AIL Solanales, TAruU, Coh, Convolvulales, 
Benth, ef- Hook, 

461. Diagnosis, — Herbs, rarely shrubs, with colourless juice and 
alternate leaves ; flowers regular, or slightly irregular, often^.extra- 
axillary, S-merous and 5-androus, on bractless pedicels; corolla 
hyiiogynous, plaited-imbricate, plaited-convolute, or involutive-val- 
vate in oestivation ; stamens epipetaloiis ; ovary 2-cellcd, cells 
antcro-posterior ; fruit a 2- celled (rarely 3-5-celled) many-seeded 
capsule or a succulent berry. Seed albuminous ; embryo curved. 

OJiaracter, 

CaJyx free, or rarely 4- or 6-clofb, persistent, or the upper part se- 
parating by transverse dehiscence, mostly growing somewhat 
during the ripening of the fruit (accrescent). 

CoroUa monopetalous, 5- or rarely 4- or 6-parted or toothed, rotate, 
campanulate, funnel- or salver-shaped, sometimes obliquely irregu- 
lar, plaitcd-imbric*itc, idaited-cpnvolute, or involutive-valvate in 
tho bud. 

Stamens attached to the tube of the corolla,^ equi^. in pumber to its 
lobes and alternate with them ; filaments sometimes rather un- 
equal; anthers 2-cclled, with, the cells sometimes connate above, 
dehiscing longitudinally or by teiminal pores. 

Ovary usu^y 2-celled, the carj^ls antero-post^rior ; placentas axile, 
sometimes enlarged into spurious dissepiment, rendering the ovary 
4-colle'd ; ovary rarely 3-^ccllod by increased number of carpels ; 
ovules numerous ; style simple ; stigma simple or lobed. 

Fruit capsular, with septicidal or transverse dehiscence (fig* 291), or 

p6 
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a succulent or dryish indehiscent berry 295) ; seeds numerous^ 


Fit?. 394. 



Atropa Belladomna. 

the embryo mostly slender and curved, sometimes straight, with 
foliaceous cotyledons in fleshy albumen. 


Rg. 396. 
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Illustrative Genera. 

♦Petunia, Jtm. *Hjo8cyamus, Tournef, Solanum, Z. 

♦Nicotiann, Tournef. F^salis, i. *Atropa, Z. 

♦Datura, Z. Capsicum, Toumef, ♦Mandragora, Toumef, 

r Affinities. — A considerable range of variation in the condition of most 
of the organs upon which a character is founded renders it difficult to 
circumscribe this Order strictly ; in fact it passes by almost insensible 
"gradations into tin; Scrophulariacem. Generally speaBng, the Solanacees \ 
are distinguished by the plaited rcsiivation of the corolla, equality of the [ 
number of stamens with the lobes of the corolla, and a curved embryo x 
from the Scrophiilariacem, which have imbricated {estivation, stamens 
fewer than the lobes of the corolla, and a straight embryo ; but none of 
these characters are constant in the former Order ; yet the nearly regular 
corolla and live perfect stamens will in almost all cases distinguish the 
Solauacom. Miers hns lately proposed, in extension of a suggestion of 
11. Drown, to establish a new Order, Atropaceie, to include the aberrant 
forms of »Solanace{fi and Scrophiilariacem, and leave these better defined — 
the brief diagnoses of these Orders being : — 

1. SoLANACKiE. Stamons equal in number to the lobes of the corolla (or 

petals), whose {estivation is viilvate or induplicate-valvate. 

2. ATiiopAc^KiB. Stametis equal in number to tne lobes of the corolla (or 

petals), one sometimes sterile ; {estivation of the corolla imbricated, or 

some modification of imbricated. 

3. ScROi'iiULARTACfiA:. Stamens less in number than the lobes of the 

corolla (or petals), 4 or 2 ; {estivation of the corolla imbricated. 

The removal of the Buddleie<e to Logfmiace{n, ae proposed by Bentham, 
is favourable to this arrangement, as it removes the 4-androu8 genera with 
regular 4-lobed corollas, which would render the above diagnosis of Scro- 
phulariaccffl faulty. In the list of genera given above, the Solanaceous 
genera of Miers are left open, and those are marked with an asterisk which 
{ire referred to his Atropaceae, together with a number which will be found 
similarly distinguished under Scrophulariacese. 

The "Solanaccm, as a whole, nave, however, closer relations with 
some of the regular monopetalous Orders, particularly with Hydrophyl- 
lacesB and Gonvolvulace{B ; they are connected with Boraginacess Dy 
OrahowMa^ a Brazilian genus, iformerly regarded as a Lycmm^ which 
has the habit of the latter with the ovaiy of Boraginacete : it is nearly 
related to Nolana. According to Lindley, Cesimm connect^ the Sola- 
nace{e with the Oleacoce, through Si/rmffa; but although it hasiastraight 
embryo with foliaceous cotyledons, the radicle is inferior, not supenor, 
and the resemblance appears to exist chiefly in habit. Polemoniacess 
difier in their d-celled ovary and straiffht embryo. 

Distrllmtion. — A very large Order, the’ members of which are generally 
distributed, but most abundantly in the tropics. 

QuaUties and Uses.— >The genera referable to Atropacess, as indicated 
above, are mostly characterized by powerful narcotic poisonous properties. 
The SolanacesB are apparently less powerful in all cases, and certain kinds 
furnish wholesome and some most important articles of food ; but many 
of them possess decided narcotic prop^es. Some are distinguished 1^ 
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an acrid or pungent quality ; some have diuretic action ; and others are ac- 
counted tonics. Am oiig the poi sonons kinds the most i mportant are : — the 
Mropa Bdladmna (Deadly Nightshade, which has the curious property 
m relaxing the iris, and thus causing dilatation of the pupil) j Datura 
Stramonium (the Thorn-apple), and other species of Datura, such as 
D. Metel^ Tatula^ feror, &c. ; Hyoscyamm uiycr (IlcnWie) and other 
species; Kicotiuna* Tahaeum, pernoa, and rustica (the American, Persian, 
and Syrian Tobacco-plants) ; Mandrayora o^^inalis (the Mandrake). 
Acocanthera vcmenataj a Cape shrub, is said to be more deadly even than 
any of them. The foliage of some species of Solanum is said to have 
active properties of the same kind, especially S, nitpntm (Dlack Night- 
shade), S, Dfdcamara (llitlor-sweet or "Woody Nightshade), and even 
the leaves and stems of S. tuherosum (thc^ common Potato) and Phynalh 
somnifei'a. Solanum Pmtdo-tpftna is employed in Dmzil as a substitute 
for Cinchona. Some species of Centrum, as laun folin anil Pseitdo-tjurna, ai’e 
said to have similar properties. Other Centra, as C. euantiws, lepviyatmn, &c., 
many species of Physam, Solanum, &c., are accouiitod diuretic. 

The species of 'Capnicmn are remarkable for the pungent quality of 
the fruits, the common Capsicum being the produce of C. anmnnn, and 
Cayenne pepper consisting oP the powdered seeds of various species, such 
as C, frutencenn. 

While some of the plants are such active poisons in all parts, others 
are only partially or not at aU so. The berries as well as tne foliage of 
Airopn, for example, and the seeds and capsules as well as the foliage of 
JlyoHcyamuSyBxe very deadly ; but the succulent fruits of many species of 
Solanum are wholesome, as the Egg-Apple or Aubergine {S, Mehmyena^, 
those of S, laciniatum, eaten in Australia under the name of Kangaroo 
Apples, &c., and, it is said (but this wants confirmation) those of the 
8, niyrtm, IhAlcamara, and others. Lyctipersicum enndentum, the Tomato, 
is another example. Still more striking npow ^ in stance of the Po- 
tato, at first sight ; but it must be remembered that the edible tuber is an 
artificial product, and consists chiefly of cellular tissue and starch deve- 
loped under circumstances that o;wog c thejrpn natipiu?{.&anpripus secre- 
tion ; and what is present may bJWswpamd "By Beat. It is said that the 
poisonous element m Solanaceous fniits exists in a pulpy covering of the 
seeds, not in the pericarp. It is desirable that this "point should be 
twtsetialttBd: 

**' •’T- • 

(CoBDiACRs: constitute an Order, chiefly consisting 
sometimes combined with the Boraginacein, from which they differ in the 
twisted {estivation of the corolla and the plaited cotyledons. Prom Oon- 
▼olvulacem they differ in thrir superior radicle and thie absence of albumen. 
The Order is remarkable for the plaited cotyledons of the embryo. The 
fruits of Cordia Mym and tatifoUa are called Sebestens or Sebesten plums, 
and, with those of other species,, are edible.) 

(Nolanaceab are a small group of South-American plants referred by 
some authors to Convolviil^eae, by others to BdraginacesB, sometimeE 
erected into a distinct Order on account of the vidvate calyx, plaited re- 
gular corolla, the ovary of 5-20 carpels, either distinct, or when numerouE 
combined intQ'WYeral sets, seated on a fleshy di^, with a single 'style and 
stigma ; the ^nihxyo curved, in little albumen. The chief disUnction from 
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Boraginacesd lies in the 5-meTOus ovary and the absence of the scroll-like 
inflorescence j they may he regarded as aberrant forms of that Order. 
Some species of Nolana are cultivated in gardens for their showy flowers, 
somewhat resembling blue CmivoltulL Their properties are unknown. 
Genera ; Nolana, L . ; Alom, Liudl.) 


CIV. BORAGINACEjE. The Bugloss Order. 

Class. Nuculifei^ss, JEndl. AH. Echiales, Lindl. Coh. Verbenales, 
BetvtJi. et Hook. 


462. Diagnosis . — Chiefly roughly hairy herbs (not aromatic), with 
alternate entire leaves, a scorpioid inflorescence, and symmetrical 
flowers with a 5-partcd calyx, an hypogynous, regular (rarely 
slightly irregular) 5-lobed corolla, 5 stamens springing from the 
corolla-tube ; ovary deeply 4-lobed, the lobes surrounding the base of 
the single gynobasic stylo, and forming when ripe 4 indehiscent 
1 -seeded achenos in the bottom of the persistent calyx ; stigma simple 
or bifid ; seeds separable from the pericarp), exalbuminous ; radicle 
superior. 

Illtjsthative Genera. 

Echiuin, L. Symphytum, L. Lithospermum, L. 

Borago, Tournef, \ Anchusa, L, | Myosotis, L, 


Affinities. — The 4-lobed ovary and fruit. this Order agree exactly 
with those of the which the irregular corolla, did^mamous 

stamens, opposite square stems differ widely. This character 

of the ovary does not occur in any other regular 6-aiidrous moncmetaious 

Boraginacem as the Verbenaocm to Labiatm, having confluent carpels, 
terminal styles, and a shrubby or arborescent habit. The corolla mosth 
ni’esents a .cprQnfit.of acales itt. the_aroakwhich jamne iS 




^ laigo Order, the species of which are mostly natives 
of temperate climates . in the northern nomisphere. 

Qoallties and Usos. — The plants of this Order, remarkabllB for their 
rough foliage, have a reputation as niucilaginous and cooling herbs. Their 
chief importance lies in the dye furnished by. the roots of Anchttsa tinc» 
toria (Adkanct) and various species of JSchtum, Onosma.&c., and the beauty 
of their flowers, whence the genera above cited inmude many common 
garden plcuits. The Forget-me-not is a native species of the genus Myos- 
Otis. Many Boraginaceio occur wild with us. 

(Ehretiacks consist d{ a group of plants separated from Boraginacesa 
by some authors on account of the coherence of the carpels and the ter- 
imnal style (which is gynobasic (§ 228) in true Boraginacess) and a dru- 
paceous fruit. Some genera have albumen, others not. They seem to be 
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as distinct here as Verbenaceas from the Labiatas ; but the agreement is 
very close at some points in both cases. ^ They are also nearly lelated to 
the OoidiacesB ; but the latter have twisted asstivation and plaited coty- 
ledons. Most of them are trtipical trees or shrubs. Ncme are of much 
importance : the drupes of some Bhretim are eaten ; the Heliotrope {lie- 
liotrapium peruvianum) is universally known for its delicious odour. 
Genera : Ehretia, L. ; Tournefortia, R*. Br. ; Heliotropium, L., &c.) 


Order CV. LABIATE. 

CZ«««. '^uculifcrffi, EtuU, AIL Echialcs, ZeW/. Coh, Verbonales; 
Benth. et Hook, 

403. Diagnosis . — Chiefly herbs, with square stems and opposite 
aromatic leaves ; flowers with a more or less 2-lipped, hypogynous 
corolla, didyiiamous or diandrous stamens; ovary deeply 4-lobed, 
the lobes surrounding the base of the single gynobasic stylo, and 
forming, when ripe, 4 indehiscent 1 -seeded achenes in the bottom 
of the persistent calyx ; stigma bifid ; seeds erect, with little or no 
albumen. 

Character. • , . 

Calyx inferior, persistent, tubular, S-merous, with the odd sepal 
posterior ; the limb regularly 5- or 10-toothed, or irregular and 
bilabiate (fig.%00), 3-^J;o 10- toothed. 

Corolla hypogynous, monopetalous, bila biate ; the u pper lip entire or 
divided, arched or almost suppressed 
.aiMi3Jobei,(jag.^7). , . 

Jgjgjjjgs. 



Calyx of Sititma. 

Corolla of Sltifeia. 

Corolla of QUehoma opened, Stowing (she didynamoos atameni. 



from the corolla, 4, didynomous (fig. 898), or some- 
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times 2; anther 2-colled or apparently 1 -celled from the appo- 
sition of the cells at the apex, or with the filament or connective 
bifurcate and bearing eitW 2 single cells or 1 perfect cell and a 
sterile procoM. 

Ovary deeply 4-iobod, on a fleshy disk, 4-cclled, each cell with 1 erect 
ovme ; , ^jU simple, arising from the bottom of the caqiels ; stigma 
forked. 

Fruit composed of 4, or, by abortion, 3, 2, or 1, dry, separable, 1- 
soeded portions, surrounded by the persistent calyx ; seeds with 
little albumen ; cotyledons flat. ^ 


Illustrative Genera. 

Lavandula, L. Thymus, Z. Marrubium, Z. 

Mentha, Z. Tlyssopus, Z. Ballota, Z. 

Salvia, Z. Prunella, Z. Phlomis, Z. 

Ilosiiiarinus, Z. | Lnmiuni, Z. Teucrium, Z. 

Origanum, Z. I Stachys, Itenth, Ajuga, Z. . 


Affinities. — As regards the structure of its ovary, this Order agrees 
exactly with from which, however, almost all its other 

chameters disralguiBinT^^Vmong the didynamous unsymmetrical mono- 
petalous Orders, no pther group approaches this structure but 
which ore distinguished by tlie grent(jr degree of coherence onB^mels 
and the terminal style, oa the Ehretiacom ure from Boraginacem ; but 
the*' separation of these Orders is sometimes difficult, ^.lisregarding the. 

rolla and stamens connects Labiatm with 
Especially when they have opposite leaves 






It IS in TOe^ocropnuianacefo ; tne aia^mamou^ structureAnses 
m the w^t of the posterior staittlM, and in the diandrous genera it is 


ijtl i) j; Tf t ^ H iT.'n R- 


. in jroiemcmi 

lration.-^A very laige Order, the species of which are principally 
natives of tenuprate ^mates j but the more fragrant kinds occur most 
abundantly in ffie warm temperate and drier regions. 

QualltieB and Uses. — The most sticking qualities of this Order depen(P 
upon the presence of aromatic or frag^t essential oils, which render 
some of them veduable stimulants and antispasmodics, others favourite 
flavouring herbs for culinary purposes, othen important ingredients in 
perfumes, &c.. Some are also regarded as tonics. The fleshy subter- 
raneous rhizomes of l^achys pakistris are sometunes cultivated ^ a table 
vegetable ; and ^e tubers of an Ocimum are said to be eaten in Mada- 


gascor. 

Of tlie carminative aromatics, the Mints, Spearmint {Meniha 
Peppermint (AT. Fiper^^ Fenny-royal (ilf. Fulegium) are among the 


328 


8T8TEMATIC BOTANY. 


best-known. Other species of MeniJm have similar properties ; Hedeonm 
jndegiaideaj the Penny-royal of the United States ; Lavender, Lavmdidu 
vera\ together with the inferior French Lavender, the oil of 

whidi, however, is chiefly used in the arts (oil of Spike), and others : 
many allied species are used in diflerent countries in the same way. The 
essential oils of some kinds commonly used as flavouring herbs are also 
used in veterinary medicine. Among the best-known of these, besides 
Mint, are Thyme (Thymm Serjnjttmn and other species), Marjoram (Ori- 
ganum, various species), Basil ( Odmum^ sp,) . Savory (Satureia, sp.), 
Sage (Salfda officmalia tkvA graMj/kirn^ &c. As perfumes, Lavender, 
Patchouli (Pogostnnon Patchouli), i^Icntha citrata^ Kes^maiy {JtoHniarinm 
officinalis), and others are largely used. ITorcihoiind (Marmibium vidgare) 
is an old-fashioned remedy for coughs ; Ground-Ivy Glechuna), 

Balm (Melissa officinalis)^ and others are used by the country-people for 
the same complaints. Mcenarda fishdosn (a North- American shrub) and 
Origanum THMamnm (or Dittany of Crete) are reputed febrifuges. Stnchgs 
Betonica has been regarded as a sternutatory, but perhaps acts mechani- 
cally : its root is said to be purgative and emetic ; but this seems unlikely 
to be true. 

Many plants of this Order decorate our gardens, and many species are 
wild in Britain. 


Tl . VERBENACEiE. Vekvain Order. 

Class. Nuculi£|rm, Bndl. All. Echialcs, Idndl. Coh. Verbenales^ 
^ BetUh. et Hook. 


404. Diagnosis . — ^Ilerbs or shrubs 
flowers with an himogynous more* or less 2-lipped or irregular corolla and 

ceous, usually splitting when ripe into as mopy l^eeded, indeh 
nucules ; seeds erect or pendulous, with little or no albumen. 

^ Illustbativk Genkba. 




cendtng: s^exaUmminous ; leaves 
opposite. 

pendwmM: seedatbummouSi 
^ edtSmate. 


verbena, Z. 
Lantana, Z. 
Tectona, Z. ' 
Olerodendron, Z. 
Vitex, Z. 


Myoporum, Z|h. ^ 8ol. 
Avicennia, Z. 


Affinities, — Principally distinguished from Labiate ,by the terminal 
aiyle imd coherent carpels. Tlie Myoporees can hardly be separated 
; and perhaps Selaginacee should be appended as an 
The structure of the £uit separates this Order flnm Scro- 
,and its allies. 

•A large Order, chiefly tropical $ the Verhenm common in 
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temperate Soutli ^Vmerica, and a few scattered in all re^ons. The Avi^ 
cennite grow, like Man)m)veB, in tropical salt marshes. 

Qualities and UBe8.-^rhos6 of the Verhenea are much the same as in 
Labiatfe : Alot/ma citriodora, the cultivated ** Lemon-plant,” or “ Ver- 
bena,” is an instance of fragrant properties ; many species of Lantmia are 
Vagrant or foetid ; some are used as substitutes for Tea. ViUx Agnus^ 
castm, V. Net/undo, and others have acrid fruits. Tecttma grandw is the 
East-Indian Teak-tree, celebrated for its hard heavy wood (African Teak 
is from a Euphorbiaceoiis tree). The bfirk of Ackmnia iomeniosaj the 
White ^fangrove of Brazil, is used for tunning. CJlerodendrons are hand- 
some stove-shrubs. The brilliant Verbenas of our gardens are mostly 
varieties of Verheidi chanmdrifolia and allied species. 

(SELAOiNACKjK are a small group differing from Verbenace© princi- 
pally in having 1 -celled antliers ; in GUibularia the carpels are reduced to 
one. Hence there appears a connexion between them and Salvadorticcre, 
which approotdi Vtiroenacem and EhretwtB among the Bo^aginaceie in 
other points. iSome of the plants are European ; most of them belong to 
the Cape. Glohidanre hav('. purgative and emetic properties. Genera ; 
8clago^, j Glohdaria, li.) 


, OiiDW evil. ACANTHACEiE. " 

Class, Personatee^ JEtidl, All, Bignoniales, Lindl^ Coh, Pcrsonalcs^ 
Jienth, et Hook, 

465. Diagnom , — Herbs or shioibs with opposite simple leaves ; flowers 
irregular, brwiteat ed, with an imbricated hypogynoiis molls or less 2-lipped 
corolla, didynamous or diandrous stamens attached to the tube of the 
corolla ; fruit a 2-celled, 4-l^-6eedcd capsule ; seeds anatroj)ous, exalbii- 
minous, usually flat, supported by hooked or cup-shaped projections of the 
placentas \ radicle inferior. 

Ii^LXisTiiATnrB Geneba. 

Thunbergia, L. Baii©^ L. I Adhatoda, Nets. 

KucUia, Z. Acanmus, Z. | J ustida , L, < ^ 

AffltaitlMi-T-This. Order is dosely related to .Scrophulociiuie© and Big- 
npn^e©, differing from the fc^er in the exalbummous seeds, from the 
latter chiefly, so f^ as written characters can be dven, in the structure 
of the placenta ittid in the seeds not being winge£ Generally speaking, 
the large bracts of the inflorescence, imd the imbricated calyx of une^d 
sepals, dve a peculiar and characteristic appearance to these plants. J^e 
seeds of Acanthodium^ RueUia^ and other species have a testa dothed with 
curious compound hairs containing spiral libres. ^ 

Dlstrlbntlon. — A. large Order, cmefly tropical. 

Qaallttes and Uses. — Mostly without active properties. The most 
striking peculiarity lies in the beauty of the flowers of many kinds, which 
renders them great favourites in our stoves. Acofdhtss moUis is interest- 
ing from its leaves having, it is said, furnished the model of the Gorinthiaxi 
capital. 
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Order CVIII. BIGNONIACEiE. The Trumpet-flower 

Order. 

Clms, PersonatfiD; Endl. AIL Bigrnonialps, LindL Coh, Personales, 
Jimth, et Jlook. 

466. Diaffnom. — Woody, or rarely herbaceous plants, often twininjr 
or climbing, with exstipiilate loaves,* hypogynoiia monopetalous corollas, 
didynamoiis or diandroiis staimms; the ovary commonly 2-celhHl, by the 
meeting of the 2 placentas or of .projections f»om then^ surrounded at the 
base by a disk ; many-seeded ; the seeds large, winged, with a flat embi^’^o, 
and no albumen. 

Illustrative Genera. 

Bignonia, L. | Oatalpa, Scop, 

Tecoma, Jim, Eccremocarpus, R, <$* P, 

Affinities. — The exalbuminous character of the seeds separates this 
Order from Scrophulariacem. From Acanthacem then^ is less marked 
distinction ; but the winged and sessile seeds, togetht*r with the general 
habit of the inflorescenct!, mark the difference. Eccremocarpm approaches 
closely to Gesneract»a> ; and, these, with Pedaliacem and (^res^ntiacem, 
are (diicifly separated by the want of coherence of the placentas in the 
axis (the exceptional case here in Eccremocarpm) and the absence of a 
wing to the seeds. Many Bignoniacem are remarkable for the structure 
of their woody stems, which have the wood divided into segments by 
broad wedge-shaped processes of the bark ; the segments are 4 in 
young stems, forming a cross in the transverse section ; 8, and even 
10 lobes appear in the woody layers of subsequent years. The broad 
paper-like wing of the seeds of Ritjiumiae has a very elegant microscopic 
structure. 

Distribution. — considerable family of mostly tropical plants; the 
Trumpt't-flowered climbers form striking features of Anieri(?an forests. 

Qualities and Uses. — Many of the plants of this Order are used in 
Brazil for various purposes, such as dyes, nn^dicines of varied action, 
timber, &c. ; but none are of very great importance. Their beautiful 
flowers, often largo and brightly coloured, render them very attractive. 
Tecoma radicam, Eccmnocarjm/scahiTy &c, are common garden climbers ; 
Catalpa mjnngccfolia is a handsome tree with showy blossoms, hardy in 
this country. 

(Pedaltack.® are chiefly distinguished from Bignoniacem by their 
generally wingless seeds, and by their dillerent habit. Sesamum may be re- 
garded as intermediate between the Orders just named, while Martynia 
establishes a transition to Gesneraceeo, of wliich Order Pedaliacese, or, os 
they are sometimes called, Sesamcfse, are consid(‘red by some to form a 
trilie. They are chiefly tropical ; the most important member of the ^oup 
is Sesamum orienUde^ which is an object of cultivation in the East £)r its 
seeds, from which oil resembling Olive-oil is obtained. Some of the 
species are in <^ltivation,' among them one or two species of Martynia 
remarkable for the two long horns to the fruit.) 
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(CiiESCENTiACB-® ETO eIso veiy near to the Gesneraccre, and chiefly 
separated by the arborescent habit and larp:e amyjjrdaloid seeds ; the calyx 
also is free, and its limb splits irrejjularly. From Pedaliacea^ the fruits and 
the amygdaloid seeds divide them. The indtdiiscent fruit and wingless seeds 
'separate them from Bignoniacem and Acanthacefe, and this, togcjther with 
the ivant of albumen, from Scrophulariaeem, Solamicese, and LeniibulacejE. 
This Order is tropicfjl, most developed in the Mauritius and Madagascar. 
CreHcmfiii the Calabash-tree, has a fruit like u gourd, with a hard 

shell applicable to many useful purposes, holding liquids, forming floats 
for rafts, &c. The subacid pulp is eaten. Pannpntit;ra cerifera (Panama) 
has a long slender fruit, and is called, from the shape of this, the Candle- 
tree j it is E lavourAe food of cattle.) 


Order CIX. GESNERACE/E. 


Class. Personatae, Endl. AV. Bignoniales, Lmll, Coh. Pcrsonales, 
Betith. et Ilot)k, 


407. Dimjnom . — Soft woody shrubs or lierbs,.. somewhat succulent, 
with opposite or whorled wrinkled leaves, without stipules ; flowers ir- 
regular ; corolla perig 3 ’ii()ius or hypogy^nous, monopetalous ; stamens dian- 
drous or didynamoua with a rudimentary Tith ; ovary half-supeiior, with 
a ring of glands or a disk, 1-celled, with two :^-lobed parietal placentas ; 
fruit capsular or succulent ; seeds numerous, with or without albumen \ 
cotyledons much shorter than the radicle. 


Illustrative Genera. 


Suborder 1. GESNEREiE. 
loith a tittle albumen : calyx pa)ily 
adherent to Che capsular fruit, 
Gesiiera, Mart. 

Achiinenes, P. Br, 

Gloxinia, II6rit. 


►Suborder 2. OyuTANDRBAL Seeds 
witihout albumen ; fruit frecj capsur 
lar, twisted, or hac(‘ate. 
^•I^wdiynanthus, Jack. 
Streptocarpus, Lindl, 
Cyrtandra, Forst. 


Afflnitles, fto.--The Gesnoracero have much the aspect of Scrophu- 
lariacesB ; and the flowers very much resemble those of Bignoniacem, but 
their placentas are decidedly parietal and although Eccretnocarpus con- 
nects thorn with Bignoniacem, its winged seeds and large cotyledons 
still mark the difference from (lesneracete. The paiietal placehtfes resemble 
those of Orobanchacese, which connect the t)rder further with Scro- 
phuloriacesB ; but in the Gesnei'cee, where the seeds are albuiniuous, the 
calyx is more or less adherent to the ovary. They are tropical plants : — 
the OemereeB American; tlie Cy}imulre€e more diffused, but chiefly Eastern. 
They are of no great importance as regards their properties : some Oemera 
have edible fruits : the most interesting point about them is the bt'auty of 
the flowers. Most of the genera above cited are found in collections of 
stove-plants ; in their native habitations they ore often epiphytic. 
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Order CX. OROBANCHACEiE. Broom-Rapes. 

C%»8. Personatas, Endl. AU, Gentianales, LinM, Coh, Personales; 

Brntli, et Hook, 

468. Diagno«is, — ^Fleshy herbs destitute of green foliage (root-para- 
sites) ; corolla monopetalous ; stamens irregular, bypogynous, didynamous ) 
the ovary l-celled, with 2-4 parietal placentas ; capsule with very nu- 
merous seeds, which are minute, albuminous, with a veiy small rudimen- 
tary embryo. 

Illubtiiattvt? Gexeba. 

Orobanche, X. | Lathrma, X. 

AfBnltles, *e. — ^This Order is especially remarkable for the parasitic habit, 
the fleshy texture, scale-like leaves, and the absence of chlorophyll, in 
which particulars the plants I'cseinble Mopotropacem ; but these are not 
characters of ordinal value, and we see them running into the nearest 
allies of this group, as Bmhmra and Striga in Scrophulariaccsc, not to 
mention the partially parasitic condition of Melampgrep. The Order is 
chiefly separated from Scrophulariaceie by its parietal placentas. From 
Gentianacete it differs in the carpels being placed back and front, as in 
Scrophulariacese and the allied Orders, wliile in Gentianacese they are 
right and left of the axis. hVoin GesneraceiB there is little except the 
habit to separate them. These plants are parasitic on the roots of many 
herbs and shrubs of veiy various Orders ; they attach themselves im- 
mediately after germination, and become organically grafted ; some in- 
crease by tuberous buds from the base of the annual stems. The Oro- 
banchaceie are bitter and astringent, and are said to be cscharotic ; these 
qualities probably depend on a resinous fluid secreted in the abundant 
epidermal hairs. Tney are comparatively numerous in Europe, North 
America, North Asia, and the Cape ; some in India. 


Order CXI. SCROPHULARIACEiE. 

Vlass, PersonatsB, JEndl, All, Eignoniales, Lindl, Cch, Personales, 
Bmth, et Hook, 

469. Diagnosis , — Chiefly herbs ; flowers with hypogynous, mono- 
petalouB,jLrrcgular corollas, the lobes of wliich are imbricate in aes- 
tivation ; didynamous, diandrous (or very rarely 5 perfect) stamens 
attached to the tube of the corolla ; ovary 2-ocUed, cells antero- 
posterior ; fruit a 2-celled, mostly many-seeded capsule with axile 
placentas ; seeds anatropous ; embryo small, in copious albumen. 

Character, 

Calyx persistent, more or less deeply 3-5-toothed, ^ more or less 
irreg^ax. 

Corolla monopetalous, irregular; the tube long or short; the limb 
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more or less deeply 5-lobed, or 4-lobed by the coherence of the 
2 posterior petals, personate (fig. 400), bilabiate, rotate (fig. 399), 
sometimes spurred. 

Stamms 2, 4, and didynamous (fig. 403), or with the f5th (posterior) 
perfect, sterile, or represented by a petaloid tooth (fig. 401), at- 
tached to the corolla; anthers 2-eelled, or 1 -celled by confiuence 
or by suppression. 

Ovary 2-celled, with axile placentas bearing usually numerous ovules; 
style and stiyma simple, or bjfid at the apex. 

Fruit capsular, rarely baccate, 2-celled, dehiscing by 2 or 4 valves, 
or by pores, or indehiscont ; seeds mostly numerous, albuminous. 


Fig. 399. 


Fig. 401. 



Fig. 399. Corolla and BtamcnR of Veronica, 

Fig. 400. Calyx and corolla oT A uiirrkimim. 

Fig. 401. Corolla, laid open, with didynamous stamens and stamiuodo,ofS'cropAt(/aWci. 
Fig. 402. Diagram of flower of Scrovkulariu, 

Fig. 403. Didjntinious staiueus of iJigifalin. 


lLLtISTIlATm5 GeNEBA. 


*Salpiglossis, F. P. 
*Schizanthus, J2. ^ P, 
Calceolaria, FeuiU, 
Verbfi^cum, L. 
Linana, Toumef, 
Antirrhinum, L, 


Paull#wmia, 7Atrc, 
Scropliuliiria, Toumef, 
reiitstomon, LlUnJt, 
Miiiiulus, L, 
liiniosclla, L, 
Digitalis, Z. 


Veronica, Z. 
Bartsia, Z. 
Euphrasia, Z. 
llhinanthus, Z. 
Pedicularis, Z. 
Melampyrum, Z. 


AflOnltlea. — This large Older exhibits considerable variety of conditions, 
whence its affinities bcjconie somewhat complex. It is freq[uently divided 
into three Suborders, thus : — ^ 

1. Salniglossideee, .^Estivation of corolla plicate or imbricate, two pos- 
terior lobes ou^ide. 

2. AsAirrhinem, Corolla bilabiate, imbricate in {estivation, the pos- 
terior one outside the anterior one. 
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3. Ithinanthe€B, il^stivation imbricate, the two lateriJ lobes or one of 
them placed outside. 

The near connexion with Solanacem, shown in the close relationship 
between SaUpiylonsis and Petunia, is nn*utioiied also under that Onlcr, 
where a rfeference is made to the proposed transfer of the Saljtighmda 
^marked above with an *) to the ( htlcu* Atropacem of Miers. Mr. l^ntham 
aeiines the present Order b}' referring to Solanacea? the genera w'hich have 
at once 6 stamens and a "( orolla plaited in lestivntion ; Petunia has a 
plaited corolla and G stamens, which, however, ai*e unequal and decdinate, 
and thus approach to tSaljuf/tossis, where the corolla is verj’^ similar, but 
the stamens tnily didynamoiia. Perhtthwn, having G stamens, is some- 
times refeiTed t^ Solauaceic ; but one at least of the sftimens is cornu )nly 
i^rile, and its corolla is imbricated. In another direction, Scrojdiula 
cem approach some of the forms of the veiy heterogeneous Loganiacem, 
and Bentham regards it as advisable to refer Buddhda and its allies, gene- 
rally counted among Scrophulariacese, to that Order, as the only means 
of setting a definite boundary between the Orders, those genera having a 
troiiaviTse ridge connecting their opposite leaves — an indication of the 
characteristic interpetiolar stipules of J joganiaceae. W ith OrobanchtiC(?re, 
again, the connexion is close, especially through the root-])arasitism of 
many genera, all of which approach closely in the general struct ure of the 
flower to Orohaiu'hci for tJie caipels are really anterior and posttrior in 
that Order as th(}y are here, and the main distinction is, that tne margins 
ore not fold(*d-in to form a dissepiment, so that Orobanchacese have pa- 
rietal instead of axile pla(;entatioii ; to which is added their minute rudi- 
mentary (imbryo. A ueiKTal rcjsembhincci (jxists between the present 
Ordt*r and the other di<TOamous monopetalous Oiders j but Gesnerocem, 
Pedaliacea;, and Crescentiacea} have panctal plactmtas ; Bignoiiuicem and 
Acanlhacea} have exalhuminous seeds, and Leutibulacete a free central 
placenta. 

The moiphology of tluj corolla in this Order is well deserving of atten- 
tion : curious monstrosities not unfi'equeutly occur in cultivation, in which 
the normal irregularity is obliterated by a repetition of the pouches, 
spurs, or similar developments in each constituent petal, as in LinaHa, 
where a o-spurred corolla occurs wdth a symmetrical limb (Pelorian va- 
riety) — in this instance the rt^gularity is due to the increased number of the 
usually irtegular parts (in other cases the flower becomes perfectly regu- 
lar by the complete absence of pouches and spurs), — Calceolaria with a 
somewhat campanulate, regular corolla, ftc. Many of the Scrophularia- 
cem are parasitic upon the roots of other plants, as, for example, Mehm- 
pyrum, JHiinanthm, and their allies, which, however, appear to he only 
partly nourished in this wa^, having distinct roots ; the^ are remarkable 
for turning black when dried ; Striga, an exotic genus, is still more dis- 
tinctly parasitical; and BueJmera Itgdrahadenftishaa scale-like leaves similar 
to those of Orohanehe. Tn some of the genera {MimuluH &c.), where the 
style is divided at the apex, it is developed into two flat lamina3, which 
exhibit irritability. 

Diatrllmtion. — A very large group, the species of which are universally 
diffused and very abundant. 

QualltleB and Uses. — More or less acrid, or bitter; mastly unwhole- 
some ; sometimes deadly poisons. DigitaUa purpurea, our native Fox- • 
d^ove, the officinal plant, is an extremely powerml sedative poison, both 
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in the foliap^e and the seeds; the allied species I), hdea^ ochroUiicaf 
htvifjatay &c. are equally active. The specdos of Vitrhasctwi have a shore 
of this property, especiolly in the seeds. The Scrophu^aria*, LinmHrv, and 
Veronicee ore all more or* less bitter and acrid, and suspicious; Gratiola 
violently purgative and emetic. 

This Omer is reniHrkable for the number of beautiful flowering herbs it 
contains. The Snap-dragon, or Drogon’s-moiith (Antirrhinum 
the species of Veronimj Mimidm (of which the Musk-plant, M. mmehatm^ 
is remai'kable, among plants of this onler, for its fragrance), Linarin, PcnU 
Htenwn, Calceolaria, Maurantlya, &c. are in every garden ; and of their 
numerous exotic allies a long list will Iks found in all horticultural col- 
lections. A large ii ember of showy-flowered native wecsds belong to thia 
Older, such os tins Toad-flax (Liuana vtiUfaris) and several other species 
of Linaria^ the Speedwells ( Veronica), the Jled linttle (Pedicfikma) and 
the Yi*llow ] I attic (Rhinanthus) (so called from the ripe seeds rattling in 
tin; dried inflated membranous capsules), the Foxglove, Mulleins ( Vet'- 
hascuin)^ &c. 


Order CXII. LENTIBULACEiE. Butter-worts. 


Chm, Personatse, Endl. 


All. Bignonales, Lin^. 
Bmih. et Iluok. 


Coh. Personales, 


470. J)iaffmm8.—Sma\} herbs growing in water or wet places ; flowers 
v\ tl-tr "IrtMf'pfIjIPWlyx and a non-hypogyuoiMPH|^ed personate corolla ; 
stamens 2, with (confliien4)-l«eelM anthers ; with a<free 

central placenta bearing several anatropoiis seeds, with a thick straight 
embyp and no w- 

Illustrative Genera. 

Utricularia, L. | Pinguicula, f^mef. 

AiBnltieB. — ThisOrder is interesting, both from the habits and appefu*ance 
of the plants, and from its affinities : — on the one hand with the in'egular, 
ilidynamous monopetalous Orders, 


through ScrophuWiaccee, with Kg. 404. 
which it agrees m the calyx, corolla, 
ind stamens; and on the other 
band with tlie regular Monopetnlm, 

senta. The sfructure of the leaves 
of the XJtricidarkB^ especially that 
of their pouches or air-floats (fig. 

105) , is very curious. The plants are 
found in aU parts of the globe ; the 
UUicularkB are aquatic, one curious 
^oUa) jmwin^ in the water retainedLiz^ths^ 

)f a ’nUandam. PinguicultB are bog-plants; an< 
iiave the property of coagulating 


Fig. 405. 



Fig. 404. Flower of UfrieuJ^tria, 

Fig. 405. Air^aac of the leaf of Uirieularia. 


Spes (U. nehtfuhi- 
ihe attjig leaves 
gaS^ IS said to 
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Subclass 4. INCOMPLETE. 

471. Dicotyledonous plants with a green or coloured calyx and 
no petals, or with a calyx-like perianth of more than one whorl, or 
with the floral envelopes reduced to one or more bract-like pieces, 
or altogether absent. Flowers ofton unisexual. 

The above characters are more or less artificial, ti^nd bind together a 
rather heterogene()U8 series of orders. M any of them are mercily degraded 
forms of Thalamifloral or Calybifloral types. The group is sometimes 
divided into two subdivisions, called Monochlamydete and Achlamydem, 
according as there is or is not a true calyx or perianth surrounding the 
stamens and ])istil. Many of the plants in this group have unisexual 
flowers grouped in cones or catkins. 


Order CXIII. POLYdONACE^. The Sorrel Order. 

Class, Oleracejx), Endl, AIL »Silenalcs, Lhull, Coh, Chenopodiales, 
Benth, et Hook, 
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oxalic and malic acids^ or by an acrid, pungent juice ; some are strongly 
astringeut, while the roots are generally more or less powerfully purgative ; 
the starchy albumen of the seeds is sumciently abundant in some species to 
furnish a valuable substitute for com. Among the useful acidulous kinds 
are the garden Khubarb, Rheum unduMumj R, palmat.umjJkfi,\ the Sorrels 
(Rmnex scutatm^ R. Acetosa, and R,Ackosella) are familiar plants. Rheum 
Ribes is used for dnvouriug sherbet in the East; and some other exotic 
plants have like properties. Polygonum Hydroniper^ a common native 
weed, is very acrid, oven vesicant when fresh. P, BUtorta was fonuerly 
in use as an astringent •, and Coccoloha unfera^ the Sea-side Grape of the 
West Indies, furuishel u very astringent extract. 'j||he K |iubarb of m ed |" 
^e consis ts the ffoote of Rheum imdulatumy rhapmmm^ 

JEmodlj and other species j the roots of Rumex dpinm were 

formerly used as a purgative under the name of Monk’s Ithubarb. Fago^ 
pyrum enculentumj common Jiuck-wheat, F. tataricum^ and other species 
are* hurgidy cultivated for food in the northern parts of iVsia and of Eastern 
Europe. The common Docks are species of Rumex, 


0»DEE CXIV. NYCTAGINACE^. The Marvel-of- 
Peru Order. 

Class, Oleracese, Endl, AU, Chenopodales, Lindl, Coh, Nyctaginales, 
Benth, eirRooh, 

473. D/fl^/w-s/s.—Herbs, shrubs, or trees, nfostljf with opposite and en- 
tire leaves; stems tumid at the joints; flowers surroimded by an invo- 
lucre, with a delicate, tubular or fiumel-sJiaped petaloid periwith ; upper 
part deciduous, lower part persistent, constricted above the 1-celled, 1- 
seeded ovary, and indurated to term the pi^ricarp (dicleBium) ; stamens 1 
.0*, ^veral, slender, hypogyiious ; tlie embryo coiled round the outside of 
the nietdy albumen, wit^L. broad foliaceous cotyledons and an inferior 
radicle. 

Illustbatr^ Genera, 

Boerhaavia, L, | Mirabilis, L, | nsonia, Plum, 

AfEli^Mes. — ^The nearest relatives of these plants are probably the Poly- 
gonacete, especially the tribe of Eriogoneen) but the. inferior radicle and 
the peculiar fruit enclosed in the indurated base of the perianth ai'e evi- 
. dent distinctiona The stems, of these plants, especially of ih&^PismuBf 
have a curious arrangement of their flbro- vascular bundles. 

Distribution. — ^Natives of warm cniiul)eB;<ii4iMppin the S. hemisphere, 

. Quoiittes and UBes.-^ke rootiiiof the Nyctaginacea^are generally pur- 
gative ;'‘and Mirabitis JafapayraA formerly supposed to be the source of 
medicinal Jalap. Mirabilis dichotonmj the Marvel of Peru of our ga^ens 
is remarkable tor gening its flowers in the afternoon, whence it is termed 
the Four-o’clock Plant; both this and Ilf., another cultivated 
species, are violent purgatives. 
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Obdeb AMARANTACEiE. Amabanths. 

ClasB, OleraceiB, EnM. All, Chenopodales, Idtidl, Coh, Chenopodialos^ 
JBenth, et Hook, 

474. with opposite or altomate exstipulato 

leaves, and spiked or*capitate, bracteated intlorescence ; the flowers mostly 
with an imbricated perianth of diy and scarious persistent bracts, often 
coloured, 3-5 in number; occasionally unisexual; atamens 5-merous, hy- 
^of^ous; anthersIBWhetimes 1-celled; the one-ceyed ovary usually 1- 
ovuled, in one tribe (Celosieie) many-ovuled*; style 1 or 0 ; stigma sim- 
ple or compound ;'^ruit a utricle, a caryopsis, or a beiTy ; seed pendulous, 
with the embryo curved round the circumferenoe of farinaceous albumen ; 
the radicle near the hilum. 

Illusthattvk Gknera. 

Celosia, L, I Achyranthes, L, 

Amorantus, L, \ Gomphrena, L. 

Affinities. — ^No abs(^ute character can be given to separate this Order 
from the Chenopodiacecc ; but the habit, especially the crowded bracteated 
inflorescence and the membranous perianth, renders them vt^ry diflereut 
in appearance. Their mure distant relations are the same as those of that 
Older. 

Distxilmtion. — ^A large Order, the species of which are most abundant 
within the tropics, in dry, barren situations. 

Qualities and Uses. — Generali V with somewhat mucilaginous juice, 
seldom with active properties, 'flie species ofAmarwUuSf such as A, cau- 
dattM, Ijove-lies-bleeding, and A, hypochondriaetts, Prince's-Feathers, ai‘c 
well known in gardens for their bright-coloured and persistent blossoms — 
as are also the more tender Globe Amarantus {Wotnphrmd) and the 
Cock's-comb (Celosia cridata'), the latter remarkable for its fasciated 
flowering-stem. 


Order CXVI. CHENOPODIACEiE. The Spinach Order. 


Class. Oleraceffi, Endl. All. Chenopodales, Lmdl. Coh, Chenopodiales, 
Benth, et Hook. 


475. of weedy aspect, more or less 

sncculent ; leaves moSlyaitoraato ; fi^gtigjjjgs, nor scarious bracts ; 
flowers perfect, polygamous or diclinous, minute, greenish, with the 
free perianth imbricated in the bud ; the stamens as many as the 
perianth-lobes, or rarely fewer, and inserted opposite to them or on 
their bases; the 1-celled ovary becoming a l-seeded thin utricle or 
an achsenium; embryo coile fl ifjpg famnnd the albumen when 
iWfient) 
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Illustbative Genera. 

Salicoinia, Ttmnief, I Blitiim, Z. | Chenopodium, Z. 

A triplex^ Z. I Beta; Toumef. Salsolu; Z. 

Afilnities. — Closely related to Amarantacese; but diifciiug in habit and 
in the sum of the churactei's. From the Phytolaccaccse they diil'er in 
the simple ovary and the stamens equal in number and opposite to the 
segments of the perianth ; from JScti^rmdhea they are sepai'atcd by the 
simple ovaiy; the usually alternate leaves; and the distinctly hypo^uous 
condition of the stamens ; from the VarmychiecB particulai'ly by the ab- 
sence of stipules ; through the Paronychiacece they are nearly related to 
('aryophyllacefie. * 

lMstributlon.--^yarggO^^ generally difiused in^ waste places or in 
BttIt-iiiarBhea; limPigi ' , , 

Qualities and Uses. — U eneially Wand andT innocuouS; the foliage olten 
rendering them valuable as pot-herbS; and their roots furnishing food for 
cattle ; sometimes with anthelmintic and ontispasmodic propeilies. The 
maritime kinds were formerly of great value Irom the quantity of soda 
obtained from their aslies. tSpinach (Spinacia okTaced)^ Orach (Atriplex 
htnieusin), and English Mercury {^Chenopodium lionm Ilmrictis) belong to 
this Order ; hIso the Beet and Mangold W urzel {l^eia mtlgaris and Cycla). 
From the jui<‘C of the Bt^et, sugar is extracted in considerable quantities. 
Cheuopodium anthelmiiUunwi yitdds an essential oil; used as an anthelmintic 
under the name of Worm-seed Oil ; C. ambrosioides and liotrys also have 
lui aroiiuitic; antispasmodic essential oil ; Cbeiwpodmm QfiinoaiomiB tubers 
like potatoes, which are eaten in Pern, iialsola iSoda, SaUemtda herhacea^ 
and other species (Glass- wort); wdth species of AtripleXy Sekoheria, &c., 
abound in smt-marsheS; and were ibmieiiy much used in the preparation 
of barilla. Several species of Chmopodium and Atriplex abound m waste 
places, forming, with various kinds of Dock (i^u7nezr);i and LV- 

tiva (Nettle), the most conspicuous weeds of neglected cultivated ground. 

(Basellackas are a small Order of plants closely related to Chenopo- 
diaceW; chielly distinguislu;d by the presence of a double; coloured perianth 
and perig}'nous stamens ; they are tropical climbing herbs or shrubs. 
Some species of BascUa are used as Spinach } U/iucus tuherotsii^ has a 
tuberous root; used in Peru like the Potato.) * 

(Phytolacgageas proper are nearly connected with Polygonacese and 
Chenopodiaceec; difienng from both in the presence of a number of car- 
pels; fi'om the former also in the absence of stipulei?; from the latter in 
the stamens exceeding the lobes of the perianth. PhytdacceispBSB into 
Petiverie€B by the occurrence of 5 separate carpels in Oiettekia, while Pivina 
has little albumen ; the Petiverieis would then connect this Order with 
the SapindacesB and their allies; while the Columbia of the Gyrosteinonea 
would mark a distant lenity with the Malvaceae. 

Dlstrllmtion. — A small Oroer, scattered in all parts of the world. 

QuoUtleB and Uaea — More or less acrid; purgative; or emetic.) 


(PETiYERiEiB, Separated by some authors, have stipulate leaves, single 
ovaiy; exalbuminous seeds, and a straight embryo with convolute coty- 
ledons ; and'GYROSTBMONE.s: have Unisexual flowers, the caq>els orran^ 
round a columella, twin suEpended ovules, albuminous seeds, with a hooked 
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Order CXVII. LAURACEJE. The Bay Order. 


Class, TliymcleiB; Eiidl. All. Daphnales, lAiidl, 
Bmth. et Hook, 

47 0. Diagnosis . — ^Aromatic trees or shrubs, with 
alternate simple leaves, sometimes marked with 
pellucid dots, and dowers with a regular perianth 
of 4-6 coloured sepals, which arc barely united , 
at the base, imbricated in 2 circles in the bud, 
free from the 1 -celled ovary containing I'W 2 
pendulous ovules, and radS&JTTPSv^cr than'^tllH' 
stamens; anthers opening by 2 or 4 lid-liko 
valves (dg. 406) ; fruit a berry or a drupe ; seed 
without albumen ; radicle sup(jrior. 

Illustrative Genera. 


Coh, Laurales, 
Fig. 400. 



Btoiueu oiLaurm. 


Cinnamomum, Bunn, Sassafras, Eecs. Laurus, Tournef. 

Campliora, Nees. Tetranthera, Jacq. Cassytha, L. 

Nectaudra, Bottl, 


Affinities.— The peculiar operciilate dohisccnco of the anthers distin- 
guishes this Order from most of the allied IMonochlamydeous groups: from 
Atherospermaceso, which share this character, Lauracese are mstinguished 
by their solitary carpel and pendulous ovules. The Ijuunicea) have juso atti- 
mties with Myristicacese in the qualities of their products ; but the struc- 
ture diders widely. Casstfthn is a remarkable form, having a twining 
parasitic leadess stem like Cmaita, bearing true Lauraceous dowers. TJic 
fruit of some genera is curious, as that of Delmisia, which is borne upon 
a thickened peduncle, somewhat like that of Anarcardium, 

Distribution. — A large Order, principally found in cool situations in the 
tropics; one {Jjxqpis nobilis) is a native of Europe, and a few of North 
America. 

Qualities and Uses. — The most marked properties of these plants depend 
on the presence of aromatic oils and Camphor ; but the barK of some hai 
valuable tonic and febrifuge qualities, tlie timber of many kinds is valu- 
able, and the Order affords a number of edible fruits. 

True Cinnamon is the bark of Cimmmmmm wylanknm ; Cassia-bark u 
derived from C. Cassia and other species ; many other trees of the Order are 
noted for the possession of an aromatic bark of similar character, and furnish 
dilse Cinnamons in South America and other countries. Camphor is pro- 
duced in the wood, branches, and leaves of Carnphom offidmrtiin, and is 
obtained by dry distillation ; some species of Cinnamomum contain a con- 
siderable quantity of tliis substance. The aromatic fruits of some of the 
Lauracem furnish false Nutmegs, the Clove-nutmegs of Madagascar being 
the seeds of Agathophylhim aronwJtwmn^ the Brazman Nutmegs ‘^ose of 
Cryptocarya inoschatay &c. 

Tne bark of Nectandra BodM^ the Bibiri qf Guiana, is said to be a 
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valuable febrifuge ; tbo bwk of the root of Sassafras officinale is highly 
esteemed in North America for its diaphoretic powers ; Benzoin odor%» 
fcrum has similar properties, and the oil of its aromatic berries is stimu- 
lant. The fruit of Persea gratmima is the highly praised West-lndiad 
Avocado Pear ; it contains much fixed oil. 

The timber of Nectandra Bodieti is the Green-heart wood of Guiana, 
remarkable for its hardness and solidity ; Persea indim furnishes a kind of 
coarse mahogany in the Canaries. Camphor-wood is sometimes used by 
cabinet-makers on account of its odour. Latmts nobiiis, the Bay-tree or 
classic Laurel, is a native of the South of Europe, and is hardy in the 
south of England i^ aromatic leaves are used for navouring confectionary 
(these must not be confounded with those of the Chernr-laurel, which 
contain much hydrocyanic acid) : a concrete green oil, called Oil of Bays, 
is obtained from it. 

(The ATHEROsrEnMACE.ss are trees like Monimiacem, but with the 
flowers sometimiis perfect, the anthers opening by lid-like valves, and the 
albuminous seeds ert^ct ; the nuts are endosod in the tube of the perianth, 
and the persistent styles grow out into feathery awns, whence the plants are 
called Piunie-nutniegs. They are chiefly distinguished from Moniniiacem 
by their anthers, whi(*h i-esemble those of Lauraceae, from which they are 
distinguished by the npoctirT)ous ovaries, the diclinous flowers, and erect 
albuminous seeds, and are allied to Myristieaccaj by the diclinous flowers 
and aromatic albuminous seeds. The valvate anthers here, as obser^^ed 
bv l)r. Hooker, indicate affinity to Berbertice® rather than to Lauraeeae. 
TVo of the genera, Laurelia and AtherospermOf are natives of Australia ; 
Dori/phora is Chilian ; they have fragrant properties, and a decoction of 
the Dark of A, momhaia is sometimes used as a substitute for Tea.) 


Order CXVTTI. MYRISTICACE^. 

The Nutmeg Order. 

Class, PolycarpiciB, Bndd, All, Menispermales, Lindl, Coh, Laurales P, 
Betith, et llook, 

477. Diagmsis . — ^Tropical trees with alternate, entire, leathery, exsti- 
pulate dotted leaves ; flowers diclinous, apetalous, clustered or racemose ; 
perianth 3- or rarely 4-fid, leathery, valvate ; stamens of the barren flower 
distinct or monadelphous ; anthers «3“12, perfect, extrorse ; periapth of the 
fertile flower deciduous ; cai’pels solitary or numerous, rarely 2, and dis- 
tinct ; ovules 1 in each cell ; n*uit succulent, containing a seed surrounded 
by a lobed arillus, and having a small embryo in copious oily-fleshy 
ruminated albumen. 

Illustrative Genera. 

Myristica, L, | Hyalostemma, WaU, | Virola, Aubl, 

AfBnltlea. — The nearest relations of this Order are with the imocarpous 
Thalamiflorous Orders, more particularly Anonacese, with which they 
agree in the dotted leavei^ valvate mstivation, extrorse anthers, apocarpous 
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ovaries and ruminated albumen ; but the flowers are usually perfect in 
that Order. The structure of the seeds connects Monimiacem and Athero- 
spermaceie with this Order ; but they have opposite leaves, besides other 
peculiarities. In many points they resemble Magnoliacem, but differ in 
the valvate calyx, absence of corolla, monadelphoiis stamens, solitniy car- 
pel and ovule. [The resemblance to SterculiacesB seems to have been 
overlooked; nevertheless there are many points of contact between the 
present family and the tribe Sterculiero, in tiie apetalous unisexual flowers, 
the valvate calyx, the monadelphous stamens, the arillate seeds. — Ed.]. 
In their active qualities and habit they somewhat resemble Lauracem. 

Distribution. — ^Tropical India and America; most numerous in the 
former. 

Qualities and Uses. — Aromatic and acrid. The^ common Nutmepr is 
the seed of Myri»tica nm^clmta (Moluccas), Mace beinf^ the laciniated 
arillus surrounding this. Coai'se, inferior Nutmeprs are obtained from 
M, Otoha in Brazil, M, s^piria in the Indian islands, and others of the 
numerous American and East-Indian species. The btirk and the rind of 
the fruit are acrid. 

(Lactstkmace^ are a small pr^oup of shrubs belonprinp^ to the woods 
of tropi(;al America, with apetalous, polypramous or diclinous flowers, and 
a 1-celled ovary with parietal placentas. " Their position is doubtful ; they 
have an amentaceous inflon^scence, a perianth like that of Urticacem, fila- 
ments like those of Chloranthacem, and an ovary lilce that of Samydacese 
or Bixacem, with arillate seeds as in the latter Older.) 

(Gautiyackje. — A small Order of shrubs of North-west America, and 
havinpr amentaceous inflorescence, unisexual flowers, a 2-4-parted peri- 
anth, definite stamens, and a 1-41-celled inferior ovary with 2 pendulous 
ovules ; seeds with a minute embryo in abundant albumen. They difler 
from ITamamelidacea) in their apetalous flowers, definite stamens, and 
baccate fruit.) 

(IlELWiNOiACEiE is an Order founded on a Japanese shrub which bears 
the fascicles of flowers adhenmt to the midribs ot the leaves (?) ; it diflers 
from Garryjicere in havinp; the inferior ovary 3-4-cellod, with an ovule in 
each cell. Tliese plants are usually placed among diclinous Monochlamyds, 
but they appear to have relations with Santalaceae, Hamaulelidaccm, and 
ComaceaB. They have no important properties.) 


Ordeb CXIX. LORANTHACE^. The Mistletoe Order. 

CUths, Discanthas; EnM, AU. Asarales, Ztnd/. Coh, Santalales, 
Benth, et Hook, 

478.^ Diagnosis , — Shrubby plantsifwith leathery greenish foliage, 
parasitic (naturally grafted) on trees ; leaves opposite, cxstipulate ; 
flowers perfect or diclinous; perianth adherent, with 4-8 lobes; 
stamens 4-8, opposite to the segments of the perianth ; ovary inferior, 
1. -celled, with 3 ovules p<mdulous from a bee central placenta, or 
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1 , erect, arising from tho base of the cell ; fruit succulent ; seed 1 ; 
embryo in fleshy albumen ; radicle remote from the hilum. 

Illusthath^ Qeneba. 

Viscum, Tottrnef. j Loiunthus, L. | Myzodondron, 

Affinities. — remarkable ])lants are di'^tingiiislied by their peculiar 
parasitic habit. Tlie\ aw* n(‘arly allied to Sautalncepe, presenting, hke that 
(Irder, a naked nucleus as the repivsentative of the ovule, and are further 
clhiracterized b> Ihckstrauge exliusiou of the apex of the embryo-sac before 
or after tertili/ntion. lle^^ides the curious stiiictui‘e of the* flowers, they 
ha'v e an nnoinalous organi/ation of the wood, which has no medullary 
sheath of spiral \ essels, but contains scalarifoim tubes. Th(* germination of 
the seeds exhibits some interesting phenomena : in Vheum the seeds adhere 
to the 3 oiing slioots of tr(»(*s 1)> means of tin* ^ iscid pulp of the fruit ; in 
Mr/z(tffrn(Iron thi'w* are long feathewMl piocesses, wich coil round the 
branches on whidi tliej settle; in either case the seeds are retained in 
contact xvith the surface of the sln>ot upon which they rest, where they 
germinate and push tlndr radich* through tlie bark, down to the cambium- 
layt*r, with Inch th(*\ contract an organic adhesion and become grafted, 
just ns a bud doi's in the ordiuaiy gnrdi*ning operation of budding 
*1 Joses, 

Difltribatlon. — large Older, ofwldch some aw* European, as Vinctmt album 
and Tjorauthm f of Asia 

and America ; Myzoelmdron belongs to the temperate parts of tho sout]|||^ 
lieniisphere. 

QuaJUties and th^.platttftR«hAiiCfiu properties ; 

but the most important prodiic*t perhaps is the viscid pulp of the fruit 
of alburn^ which is used for moking bird-lime. The curiosity 

attaching to the parasitic habit is the most striking feature in this Order, 
most of the plants growing like our conmion Mistletoe, Vhcnm album\ 
this appears capable of grafting itself on a wide variety of trees, being 
most common on the Apple-tree with us, but occurring on Thoms, Wil- 
lows, Limes, Oaks, Elms, and ex'en on Fir-trees. 


Order CXX. SANTALACE-3S. The Sandal-wood Order. 

Gass. Thymeleffi, Endl, AH, Asarales, Lindl, Coh. Santalales, 
Benth, et Hook, 

479. Diagntms, — ^Ilerbs, shrubs, ortrees ffilih'euLiH^leaves; the 4-6- 
cleft perianth valvate in the bud, its tube coherent with the ovary. Sta- 
mens opposite to the lobes of the perianth; ovary l-ceUed mth 2-4 
ovules suspended from the apex (tf a free stalk-like central placenta arising 
from the case of the cell; the indchiscent fruit 1-seeaed; s(*ed with 
abundant albumen filling the pericarp ; embryo straight ; radicle superior. 

Illustrativb Qenera. 

TEeaum, Zr J Santii lumt L, 



344 


SYSTEMATIC BOTAET. 


AfflaltieM. — ^The definite pendulous ovules, consistinf^of a naked nucleus 
attached to a free central placenta and protmdingr the embiyo-sac before 
or after fertilization, are very remarkable and striking characters in this 
Order ; the entire seed is formed in the embryo-sac, outside the nucleus. 
The nearest relations are probably with the Loranthace®, which, however, 
differ in habit, being stem-parasites, and having less complete and some- 
times imperfect flowers, nemtm is partially parasitic on the roots ^ of 
other plants. There is a more remote relation to Olacace® and allied 
Orders. 

Distribution. — A smallOrder; the European and North- American species 
are inconspicuous herbs ; in India and Australia they* are shrubs or small 
trees. 

Qualities and Uses. — Sandal-wood, the wood of Santalum album, is 
perhaps the best-known 'production of this Order. The seeds of the 
Quandang Nut {Fusanm acuminatm) are eaten like almonds in Australia. 
Some species ai^ astringent. 


Order CXXI. THYMELACEiE. The Lace-bark Order. 


C/a#a. Thymele®, Endl, All Daphnales, LinM, 
Emth, et Hook. 


480. I)iaffnosi8, 
entire leaves, 


Cok. Laurales, 


fnot aromatic) 
simple, usually 


•mctTiowers,witii a regular ana 

rt>d perianth, bearing ordinarily twice as many stamens as its lobes, 

free from the j JjSSdnSHBBSSd&d ’ gjbumg i^ nonc^. 

or sparing^ racucI^iipmorlT"^^ 

Illustrativb Genera. 


Daphne, L, 

Pimelea, Banks ^ Sol 


Lagetta, Juss, 
Hernandia, IHum, 


^UBnities. — ^Among the Monochlamydeous Orders this may be distin- 
guished from Santaloce® by its free ovary ; from El®Bgnace® b^ its per- 
fect or polygamous flowers* and pendulous seed ; from Laurace® by tho 
longitudinal dcjhiscence of the anthers ; from Proteace® by its pendulous 
seeds and imbricated perianth. The flowers are mostly perfect, but poly- 
gamous in the tribe iTcmafidiefP. The liber is developed in numerous 
separable layers'in the bark of these plants. 

Distributton.-— most abundant at the Cape of Good 
Hope and in Aus^Ba/DutiouuTSpSEnngly in all other parts of the world- 
Qnalltles and UBeB,-^The bark is usually acrid, and that of Mezerc^on 
^Daphne Mea^euw^ and other plants is used ns a loccd irritant ; taken 
internally it is an imtont poison. Bafilpie Laureotuy the S];>urge Laurel, 
, another native species, has similar qualities — as also 1), Gnidmm and D, 
j^ticay favourite g^den shrubs, and other species. The liber of Lagetta 
Uniearia (West Indies) is separable into lace-like lamin®, whence it is 
called the Lace-bark tree, and - 
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Daphne are poisonous ; but the seeds of Iwicarpwt cdulis are eaten roasted 
like chestnuts. Daphne^ Pimelea, and some other genera include many 
handsome cultivated plants, the perianth being petidoid. 

(AQtTiLAniACEJE are a small group of plants, of tropical Asia, nearly 
related to Thymelaceae, but having a 2-celled ovary, jind sometimes a 
2-valved dehiscent capsule; one ovule is sometimes abortive; and the 
fruit in some cases is an indeliiscont succulent berry. The heart-wood of 
Aqmhna ovata and A, ApaUochmn are known as *Eagle-wood or Aloes- 
wood, and contains a resinous matter of stimulant quality. Genera ; Aqui- 
laria, Lam. ; Gy rhf apsis, Gsertn.) 


Order CXXII. ELiEAGNACEiE. 

Class, Tliymoleac, EndL All. A mental es, Lindl. Coh. Laurales, 

^ Eenth, et Hook. 

481 . Diaynosis . — Shrubs or small trees with silvery -scurfy leaves and 
mostly dicpcious flowers; perianth free fi*oni the ovary, its tube becoming 
pulpy and berry-liko in the fruit ; stamens as numerous as the lobes of 
the perianth and alternate with them or twice os many ; ovary 1-celled, 
1-seeded, seed ascending; embryo straight, with thin mbumen and an 
inferior mdicle. ‘ . 

Illustrative Genera. 

Ilippophae, L. | Elseagnus, X, 

Affinities, Ac. — This is a small Order, generally diifused in the northern 
hemisphere, sepai’ated from the Thymelacere by the ordinarily dia^cious 
structure and the asc(;uding ovuhj ; EUcaynvs^ w’hich has perfect or poly- 
gamous flowers, forms the link. bVom Proteaceoe they are separated by 
the valvate calyx and the indehiscent fruit. The scurfy scales upon the 
leaves are elegant microscopic objects. The berries of Hippophde rhtm- 
noides, Sea liuckihom, common on our sea-coast^ are sometimes used in 
flsh-saiices, but are said to have narcotic properties. Those of Elaatpim 
orimtalis are eaten in Persia, and those of other species in India. The 
flowers of some species are veiy fragrant. 


Order CXXIII. PROTEACEJS. 

Gass, Thymeleffi, Endl, AU. Daphnales, XtVid/. Coh. Laurales, 
Eenth. et Hook. 

• 482. Diagnosis . — Shrubs or small trees usually with umbellate 
branches; leaves hard, dry, opposite or alternate, exstipulate ; 
flowers apetalous ; perianth 4-cleft, valvate ; stamens 4, opposite to 
the segmentsr some&nes partially -banren; anthers opening longi- 
tudinally ; ovary single, simple, free, with 1 ovule, or 2 or more 
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ovutos in 2 rows, ascending; seeds without albumen; embryo 
straight ; radicle inferior. 

Illusthative Genkba. 

Protea, X. Hakea, Schrad, 

Greyillea, It, Br. Banksia, L,JU, 

Affinities. — ^I'he rcmarkajble habit of these plants is a striking cha- 
raclSTcTanT;be8ia;« the ngiT foTO^ 

with the stamens opposite the. lobes, and the radicle pointing to the base 
of the ovary, to distinguish this Order from the Thymelaeeaj and nearest 
Monochlamvdeoua Oi-dera. The sti*uctm*e of tlie stomata of the coriaceous 
leaves is very curious, and presents many modilicatioiis. 

Distribution. — A large Orde^ the species of which are found chiefly at 
the Cape and in Australia. ^ 

Qualities and Uses. — The wood is perhaps the most valuable product 
of theSe plants, being largely used for lirewood where tlioy abound ; sAe- 
times it used for joinery when hard wood is requiri^d. The struang 
character of their evergreen foliage, and the brilliant colours of the heads 
of flowers, render them very great liivourites in cultivation, and the 
genera above cited will be found in most large collections of greenhouse 
shrubs. Maeadamia temifolia furnishes w edible fruit. 

(Pkn^iacfjg are a small Ordhr of Cape evergreen shrubs, related to 
ProteacefiR, but having a 4-celled ovary, 4 stigmas, and a 4-celled de- 
hisc(jnt or indehiscent capsule. The drug called Sarcocol has been 
supposed to be derived from some of these plants ; hut this is doubtful. 
Genera : Tenma^ L. ,* SareocoUa, Kth. ; GeinohmUy Lindl.) 

(Empeth aceje are low shrubby evergreens, with the foliage and aspect 
of Heaths ; the flowers are small, diclinous ; the perianth consists of 4-6 
persistent hypog^mous scales, the innermost sometimes petnloid ; stamens 
2-3, alternate with the inner scalee;' ovary free, on a disk, 2-9-oelled ; 
ovules solitaiy ; fruit fleshy, with 2-9 nuts ; seeds 1 in each nut, ascend- 
ing, albuminous ; radicle inferior. These plants have the appearance of 
Ericaceoe, the fruit even' being like that oi Vaceiniede, while the stigmas 
and the general structure of the flowers are Euphorbiaceous ; hut from 
‘ the Euphorbiaceao they differ in the ascending seed and inferior radicle. 
They are inoH% natives of Northern Europe and North America. ■ TSie 
leaves and fruit are slightly acid and agreeable ; the berries of Empetrum 
nigrum, the Crow-herry, are eaten ; the Greenlanders prepare a fermented 
l^uor from them. The Portuguese use the berries oi a Comma, Genus 

liMieangrl 

{Bedis marititna, a succu l i gr ti Urtb, t he * th e 

West Indies, is sometimes made the type of an Order, but is regarded by 
Lindley^as yeiy close to Emnetracese. Others place it near to Tamaris- 
cinem. }t is sometimes used in West-India picldes). 
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OSi*‘erCXXIV. EUPHORBIACiEiE. The Spurg e ^ M ' H." 


Cla%n, Tricoccac, EntJH, AM. Eupborbiales, IMU, Coh, EuphorHales, 
Bemth, et Ilooh 


483 . Diagmm , — 



iO 

7'^tral 


column, separating when ripe (carpel rarely solitary). 


Character: 


Flowers diclinou# axillary or terminal sometimes cndosed in a cup- 
shaped involucre. 

0«y^v inferior, with internal glandular or scaly appondage|| some- 
times wanting. 

Corolla, of petals or scales as many as the scpalsp or wanting. 
BtamenJi definite or indefinite distinct or monadclphous; anthers 
2-cclled, sometimes opening by pores. 

freesessile ^ stalke#!-, 2-, 3-, or many-cellod; styles as many 
as the cells, distinct or combinedpor wanting ; stigmas combined 
or separate and bifid,* 

angle of each cell. % 

Fruit dry, th Q,ca£Bfil8 ^splitting and separating elastically from the 

axii!^ or su^Ruuffl^^RRP^IffflillfflHffi^^^RIRP^usponded, 1 or 2 in 

each cell, often with an ariUus ; embryo in fleshy albumen ; radide 
superior. 

InLITSTllATTVE GeNEBA. 


JIura, X. 
ITippomane, L, 
Cojlebogvne, J, Sm, 
Mercurimis, L, 
Acalypha, L. 


•T afil^R 

llicinus, Towrnef, 
liottl(»ra, Bxixh 
Croton, L, ^ 


^ftjJ^Korbia, X. 
Cluytia, Ait. 
Xylophylla, X. 
“^hyllanthus, X. 


' affinltlei. — As the more familiar forms of this Order^ either apeta- 
lous, or even destitute of a calyx, it is usually arranged among the Mo- 
nochlamyde® in elementary works; but a large proportion of the exotic 
genera have the corolla representedHSHBT'*'^'^^ petals. 

nntrAnnn SmivnKia ( flip 


liable 


ren tor a 


siinpl^ y l cup-lik^i mmim, within which are foimed a 

number of stamens with an articulation in the filament, together with a 
stalked tricarpeHaij ovary (fig. 407). The stamens each represent a male 
flower reduced to its lowest term ; for a minute bract eidsts at the base 
of each filament, and in some species a perianth occurs at the articula- 
tion^ which iS; in fact, the base of the flower; the ovaiy in like manner 
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d of the jointed filaments, we find several stalked male flowers, 
with perianth and stamens, surrounding one female flower. 


Fig. 407. 


Fig. 408. 



Fig. 407. n, Torticnl of the iliicre of Euphorhia Lnfhyris^ containing one stalked 

TiifltilltUc flower and aix nonandroiia H^iinnte flowers; A, h, staniiiiate flowers of 
other Bpeeies of Kuphorbit. , the lel‘t<han(l(lltitlioat a perianth, the right with a small 
perianth ut tin* base of tlii Rt4tmen. 

Fig. 40.S. Muno/cu'is Iridentutu : Involucre, with one pistillate and several sfcaminatc? flowers; 
ft, a sepai||^‘ stuminate, c, a separatt* piHtIllaf||flowcr. 


ancremie exotic^gencra 
are occasionally present. 
Sarcm'xfcca succulent. G 
forei<;ii Fuphorhitc haveTTesny, 
of the Cactacofc, Xylophylla utk 


The fruit is usually 
liden * ' 


hut Mcrcftrialk has hut two, 
er hand, 0 or even 15 (Hum) 
and dehiscent, but in 
some of tlio 


pmbliHjf those 
L PlnjHmiihm having Icnf-like flowering 
branches ; and a number of large tropical trees belong to this Order. 
Were it not for the diclinous structure, these plants would approach 


very closely to M|lv^o|^a 


the composition, of the ovary 


being analogous^SmtuestffieiCTlleinnonBdelphous j AlarriteSf Jatrophay 
and other genera having a corolla much resemble MalvaceaB ; and thei’e is 
a fiirther affinity to JUbamjiimi^ On the other hand, looking to thoir 
diclinous cliaracter anoml^ulWy incomplete flowers, they approach the 
. from which they are, as a whole, distinguished by their com- 
plies ; such genera as JEremocarjniSf having but 1 carpel, connect 
the two groitps. Some of the genera have stinging hairs like Urticacese. 
(Jatropha). 

* ' ' generally diffused over the globe ; 

nericA 

LTWflflTI 

ttiu 


' allT aWtodi 


which contains caoutchouc; U 





or less acrid, puiyative, emetic, or powerfully poisonous, Erffirn tlie presence 
of a principle dissipated by heat ; starch abounds in the roots of some 
kinds, while oil of a purgative character is common in the seeds ; the bark 
of some of the frees has tonic properties -, the wood of several is very 
valuabWpr its hard, dose te:^ure ; and several of the plants furnish dyes. 
The lac^Bcent juice of Siphoma elastiea is the source of the ^^botUe” 
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Canii,tfflMinflrOt.Tlra7a] and Gutofl;. Jlfimta laccifera yields Gum lac in 
Ceylon; Eitphorbia antiquonnn and E. canarienm are believedJau yield* 
the gum-resin called Enphorhium. The common Spurg(*s {Euphm'hia) 
have purgative properties; the root oi E. Ipecacumha used ns an 
emetic in North America ; and the species of Mercuiialis have similar 
properties, especially M. perenma^ which is unsafe to use, since it produces 
violent purging, and even sometimes convulsions and death. The most 
deadly member of the Order seems to be the h^cbineel 
Maminella)^ a Panama plant, the jtdeo of which is so acrid as to, cause 
ulceration when djopped on the skin, and its apple-like fruit has a vesi- 
cating juice ; the juice of Excwcaria AgaUochmi and Ilura crepitam has 
similar properties. 

The oily seeds are mostly pingativo : expressed from those 

of Crotoih Tiglium and Partttia (East Inaie8^^5a|jjgjHjj|J^ from those of 
Iticinm conmumHj in which the purgative proper^Tnound to reside in 
the embryo, not in the albumen ; tlie seeds of Ilura crepitans and Curcaa 
(Jatropha) purf/am, the “ Purging-nut,” are violent cathartics, and those 
of Euphorbia Lnthyris ore sometimes (unployed in the same waf. The 
solid oil obtained from the seeds of Stillim/ia aehifera^ the Tallow-tree, is 
used for making canc^les in Chimi. Cascarilla bark, with tonic properties, 
is obtained from Orotou Ekideria ( Bahamas) ; C. paeuda-quiua and other 
species have similar (pialitios. OldfiMia afric'am is the African Teak- 
tree. Croz(^ihora tinctoria fupiishcs the clyo called Tumole : RoUlera 
tinvtona (East Indiei^ a scarlet dye. 

llie pure starch obtained by gi-ating and washing the roots of Jatrmdia 
Manihot {Manihot ntilmima) foWtta, littder tbrname of "ffandioc 'or uBS-^ 
sava, a most important article of fpod in South America*, the liner par- 
ticles of starch, softened by lieat, and aftei’wnnls granulated, constitute 
Tapioca, Tho^WRsWlig fttBores* irTwercotic-poikonous matter which exists 
in the sap : the Indians dissipate this principle by heat, simply roasting 
the roots. It is a shrub about 8 fwjt high, with a large root, sometimes 
weighing 30 lbs./ and is cultivated all over the tropics, but especially in 
America. 

(BuxACK-as constitute a T^ry small Order, formerly included among 
Euphorbia(u»je, but differing in the absence of milky juice, in the loculi- 
cidal capsules, ovules pendulous from the4fe«er‘tmgwo( the cells of the 
ovary, niicropyle superior and int(»nial. The leaves of the common Box 
(Bums) are piu^ative ; the wood is specially used for engraving^and-for- 
turners’ purposes). 

(Daphniphyllaceje are constituted by Mjiller, of Argau, a distinct 
group, differing from the two preceding in their Rmaftambiyo, concealed 
in albumen). 

(ScEPAOEiB a small group of East«-llidian plants, allied to Euphor- 
biacem, but having the dowers in catkins, thus forming a transition to 
the Cupuliferae and Betulacese. Genera: Lindl. ; Lepidodachya^ 
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Order CXX^^ilTHTICACEiE!. The Nettle Order. 

Chug, Julifloree, j&uiL .M. Uiticales, JUndl. •Coh, Uiticales, Senth. 
w et Hook, 

484. Diagnosis, — Herbs, shrubs, or trees wi<3i stipules and mon- 
oeciduis or dioDcioiis or, rarely, polygamous flowers ; perianth regular, 
free from the 1 -celled (rarelj’ 2-cellcd) ovary; stamens equal in 
number to the lobes of the i>erianth, and opposite to them, or some- 
times fewer, uncoilin g elasticall y ; embryo straight in the .albumen 
when this is ^rcsentj^fflfflM pointing upwards. 

This Order is divided into the following tribes : — 

1. Urereje. Leaves 'with stinging-hairs ; leaves opposite, or if 
alternate arranged spirally; ];)crianth of female flower 4-parted, 
rarely tubular, alwa 5’8 free. 

2. PROCRIDE-E. Leaves without stinging-hairs ; leaves opposite, 
or if alternate distichous ; perianth of female flower free, 3-5-i)urtod ; 
stigma brush-^e. 

3. BceuueiA:^. Plants without stinging-hairs ; leaves alternate 
or opj)ositc ; perianth of female flower free or adnate to the ovary, 
frequently tubular, r.arely very short. 

4. Parietabti-le. Plants without stinging-hairs ; leaves alter- 
nate ; flowers dioecious or polygamous ; perianth of female flower 
tubular, free. Inflorescence bracteate. 

6. FoRSKoniJEiE. Plants without hairs or with hardened hairs ; 
leaves alternate or opposite ; flowers diclinous, involucsratc ; perianth 
of female flower tubular or wanting. 

Illltstrativr Genera. 

UbEREAB. ! BOBHMKRIEiE. FORSKOHLIEiB. 

Hiiica.. Doehmeria. Forskohlia. 

TJrera. 

PrOCRIBEJH. I PARIETARIR.a3S. 

Filea. j Parietaria. 

Affinities. — ^This Order is nearly relied to the Malvacem and Euphor- 

Inacem on the one hand, and to the amentiferous Orders on the other; 
diflering'from the former in the simple ovary, from the latter in usual 
presence of albumen in the seeds, anu in the flowers not being arranged in 
catkins. ^ There is a further, relation to the Chenopodiacem, which, how- 
ever, besides the circumstance that they are only occasionally diclinous, 
have the embryo curved round the outside of the albumen. 

DistrlimttoiLi — ^The Urticess are generally difliised, but are much more 
abundant in the intertropical regions than elsewhere. 
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Qualities and Uses. — Edible fruits and valuable fibres are the principal 
products of this Order, 

liwhfmria ( TJrtica) nivea furnishes the fibre fori^inese “ Gross-cloth,” 
or Eamee ; li, Ptiya yields another valuable fibre ; and the fibre of the 
Stinging-Nettle ( ilrtwa ilimca) was formerly used j U, tmacissima furnishes 
cordage in Sumatra. 


(CANNAUiNArEES Constitute a small group often in- 
cluded under Urtiraceie, but difiering in their stamens 
not being elastic, their elongated, not rounded, anthers, and 
in their curved exalhuminous euibiwo (fig. Cannabis 

sativa furnishes the hemp of comuierce, which consists of 
the woody fibres of the plant separated by maceration. 
C’. indiva yields a narcotic resinous mmduct known as 
Indian hemp. Jfnmtdm Lapulm, the Ilop, is well known 
for its aromatic bitter properties.) 


Fig. 400. 



Fig. 409. Seed of 
itumulus opened. 


Order CXXVI. ARTOCARPACEiE. 

Clans. Juliflora*, JEndl. All. Urticales, Lindl. Coh. Urticales?, DenHi. 

ct Hook. 

485. Hiaffnosis, — Trees or shrubs, or rarely herbs, with njiilky juice ; 
leaves alternate, usually provided with convolute deciduous stipules; 
flowers diclinous, males in catkins, females in heads or flat receptacles ; 
ptniauth 3-4-parted or none ; stamens not elastic; ovary 1 -celled; ovule 
solitary; albumen fleshy, or none; embryo straight or curved; radicle 
superior. Illustrative genera : Arfoearpm, FictiSf Morns. 

Affinities. — The main diflerence between this proup and the Frticaceie 
lies in the milky jui<M* and general habit. The Siflorescence and fruit of 
these plants are curious) in DorsHmia the flowers are imbedded in the 
top of a tabular fle.sliy peduncle (fig. 153) ; in Ficm enclosed in an exca- 
vated fleshy peduncle' (fig. 152); in 3Iorusi^e female flowens are deve- 
loped in a sort of capitulum, and subsequently coalesce into a conmouud 
fleshy fruit, resv-mbling a blackberry (fm. 3(X)), but each f‘pip” is formed 
from a distinct ovaiy ; in Artovarpas the numerous flowers are crowded 
on a globular fleshy peduncle, which enlarges into a large fleshy fruit, 
sometimes weighing 30 lbs. Ficus indiea (the Banyan tree) is remarkable 
for sending down numerous roots from its branches, which stfike into the 
earth and convert the tree into a kind of grove. 

DlBtrifmtion. — ^Tlie Artocaiyacem constitute a large group, whose 
members are almost exclusively tiftpical and subti'opic^ 

Qaalltiea and Uses. — Most of these plants have a milW juice, con- 
taining more or less of an acrid poisonous principle and of caoutchouc. 
Hroussonetia papyrifera is the Paper-Mulberry tree, the inner bark of 
which is used for making paper &c. in China and the South-Sea Islands. 
Antiaris saccidora has a fiWiis bark, used for cordage and matting, also 
Ce^DTcpia pdtata, Brositnum, &c. Caoutchouc is largely obtained from 
Ficus elaStica and other species ; a znil^ juice, of very nutritious cha- 
racter, is obtained from the Cow-tree of South America, Brosimum utUe, 
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The renowned Upas-tree of Java is a large tree, Aftii/tris toxicaria, which 
has a very tfbisonous juice, and it is stated that linen made from its 
fibres, if badfy prejpared*, produces great irritation of the skin. 

^ The fruit of Madura atiratdihcaf the Osage Orange, has an orange- 
coloured pulp, used by the North- American Indians to stain their skin ; 
the wood of M, is used by dyei*8 under the name of Fustic. 

Mcrm a^a, the White Mulberry, is largely cultivated in Italy and the 
East for feeing silkworms. 

Dordmia Contrayerva was formerly esteemed as a tonic and diaphoretic. 
The wood of Ficus Sycomorm, the Sycamore- fig, is very durable, and is 
supposed to havt! been used for mummy-cases. The seeds of the plants of 
this Order ani generally wholesome and nutritious. 

(STniiAGHNACKiE Constitute an Order of trees or shrubs, with alternate, 
simple, leathciy loaves and deciduous stipules ; flowers diclinous, spiked, 
with a single 2-, 3-, or 6-parted perianth ; 'stamens 2 or more on a tumid 
receptacle ; anthers 2-lobcd, dehiscing at tlu^ apex ; oyary free, l--2-celled, 
each cell with a pair of suspended ovules; seed albuminous; t'lnbryo 
straight ; radicle superior. These plants, natives of Madagascar and tbe 
East Indies, are nearly allied to Vrtivem^ dilleiing chiefly in the pnlvinaio 
disk, inelastic stamens, and anthers bursting at the apex. The dru- 
paceous fruits of Aniidesma puhescem and Stilayo Btinias are subacid and 
agreeable.) 

(Pm’TOcinmACEJE are an Order with sonujwhat obscure relations, con- 
sisting of a few Etist-Tndian climbing' shrubs wdth a curiously organized 
wood. They have diclinous flowers: but the rudiments of the abortive 
sexual organs exist in the flowers of both kinds, and the flow-ers have 
both calyx and corolla. They are sometimes included among the Arto^ 
carpeesy but have seeds with abundant albumen. Genera; Phytovrency 
Wall. ; lodesy Elumo, &c.) 


Order CXXVII. ULMACE^E. The Elm Order. 


Class, Juliflorffi, Endl, AH. Khamnales, lAiuU, Ccih. Urticales, 
Bmth. et Hook, 


486. IHaynosis . — ^Trees with watery 
juice, alternate loaves, stipules, perfect or 
monceciously polygamous flowers; pe^- 
anth free, membranous, campanulate or 
irregular (fig. 410); stamens definite; 
filaments straight or moderately incurved 
in the bud; ovary free, 1-2-celTed ; styles 
or stigmas 2; fruit a single iSJWra 
(fig. 41}^ or a drupe ; seed suspended, 
with l&Be>x>r 210 albumen; tadicle su- 
perior.^^^*^ 


Fig. 410. Fig. 411. 



Fjff. 410. Flower of THmut, 
Big. ill. of 272m«fe. 
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Illustrative Geneea. 

Tribe 1. CKLTKiE. Chary l^ceUed, Tribe 2. Ulmeab. (h^ry 2^ceUed. 
Oeltia, Tmrnrf, Planera, Gwd, 

Mertensia, H, B. K JDlmuS; L, 

Attnltlefl, fte. — ^Tlieae plants^ cbicfly natives of northern countries^ are 
very closely relat(^d to the Artocarppee mdi other Tlrticaceae, scarcely diatin- 
pui’shed by any peneral character except the polygamous structure of the 
flowers. They are timber-trees with bitter astringent bark ; Ulmm cam- 
peMrin is the common Elm-tree, U, mtmtana the Scotch or Wych Elm. 
CvHm atustraliny called the Nettle-tree, has a drupaceous fruit of astringent 
quality. 


Ordgb. CXXVIII. PLATANACEAii. The Plane Order. 

CUm. .Tuliflorm, Endl, AIL Urticales, LindL Colu Urticales ?, 
Betvth, et Hook, 

487. Biayimin , — ^Trees with watery juifc, alternate pnlmately lobed 
leaves, sheathing stipuhjs, and monoecioiis flowers in separate and naked 
globuhu’ heads, destitute of calyx or corolla ; the fruits consisting of heads 
of clavate l-seeded nucules furnished with a bristly down along the base ; 
S(ieds solitary, rarely 2, peudulous ^ embryo in very thin albumen ; radicle 
inferior. 

Illustkative Genus. 

Platanus, L, 

Affinities, fto. — ^The Plane-trees, natives of North America and the 
Levant, naturalised in oiu* narks and squares, are chiefly remarkable for 
the Ijeauty of the form and loliage. The structure pf the inflorescence is 
amentaceous as regards arrangement and the absence of envelopes ; but 
the ovaries are like those of Artocarpeecj from which they are divided 
chiefly by the achlamydeous flowers, the inferior radicle, ana the presence 
of albumen in the seed. 


Order CXXIX. JUGLANDACE.®. The Walnut Order. 

Clem, Terebiuthint*e, Endl, AU, Quemales, Lindl,^ 

488. Diagnosis , — ^Trees with alternate pinnate leaves, without stipules ; 
the sterile flowers in catkins, with an irregular nerianth ; the fertile soli- 
taiy, or in small clusters, with a regular ii-^-loDed perianth adhering to 
the incompletely 2-4-celled ovary, with only 1 erect ovule. Fruit con- 
sisting of a dehiscent husk enclosing a woody shell, containing a large 
2-4-lobcd orthotropous exolbuminous seed; cotyledons oily, sinuous; 
radicle short, superior. 

Illustrative Genera. 

Carya, Ntidt. 
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Afflnltles, A small but well-marked ^up, 
liferflB, but dideriiig in the solitary ovule and in the absence of a cupule. 
From the risinous juices and pinnate leaves, they have been regard^ as 
allied to Terebinthacom ; but the latter have petals, a free ovaiy, and curved 
ovule. The Walnut (Juylans mffta) is a well-known example of the Order. 
The wood of this, as well as of J, nif/ra, is valued by carpenters. The 
nuts of J, cinerea art) called lluttcr-nuts in Canada. Carya aJba, the 
Hickory of Noith America, has tough, elastic wood and an edible nut, as 
also has C. oUvepforttth, 


Order CXXX. CUPULIFER.®. The Oak Order. 

Ckm. JuliflorsB, Emil. All. Q.uemales, Lhidl. Coh. Amentales, 
Benth. et Hook, 

489. Diagnosis . — ^Trees or shrubs with alternate sim|Sle feather- 
veined leaves, ^d deciduous stipules ; monojcious flowers, the barren 
in catkins or clustered, the fertile solitary or clustered and furnished 
with an involucre which forms a cup or covering to the flowers 
(fig. 413) ; cJ stamens 5-20, inserted at the base of scales or of a 
membranous perianth ; J ovary crowned by the rudimentary teeth 
of an adherent calyx, 3- or more-celled (fig. 41 2) ; stigmas nearly 
sessile ; ovules solitary, or 2 in a cell ; fruit a 1 -celled, w'oody nut, 
more or less ftivcloped by the involucre (cupule), containing 1 or 2 
seeds (the rest being abortive), destitute of albumen ; cotyledons large 
and fleshy ; radicle minute, superior. 


Fig. 4iq. Fisr. 413. 



Fig. 412. Quercus: vertical 8f*(*tion offomiilf flowor; b, cross section. 
413. Opened involucff, with two Sowers of CjJiiama, 


iLLUSTttATIVB QeXERA, 

Carpinus, L. Fagus, L. | Quercus, X. 

Corylus, X. Castanes, Omin. Ostiya, Scop. 

Amnltlea. — Related to the but diffi^ring in the inferior, many- 

celled 0 wy and in the charaflernone firuits and seeds. From ^tul^eg 
to which they aire elosely allied, they are sepanSecn^ihc 
of tihe ovary. .ntlinr. fl... fWvliuw. 
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reason of tlie aclilamydeous male flowers and of the 
leai^upul^nne female flowera of the former. 

Distribution. — A larpfe gfroup, the members of which are for the most 
part natives of forests of temperate climates. 

Qualities and Uses. — Timber- trees of great importance ; some also having 
edible fruits ; the bark and other parts more or less astringent. (Iwrcm, 
a very extensive genus, includes Q. Rohur, British Oak, of which there 
are two varieties — Q. nemUrfloray Durmast, and Q. pHlunculata, Q. Suher 
furnishes cork ; Q. A^4jihp» has large rough ciipules, extensively used by 
d^'ers undc^r the name of Valonia ; Q. eweifera is the Kermes Oak ; Q. 
tinctoria furnishes Quercitron Bark ; Niit-galfa are produced by the attack 
of an insect on Q, htfeetona ; Q. Ile.r is the Holm Oak, or Evergmen Oak 
of our shrubberies. Between 200 and 300 species of Querem exist, some 
of which have edible fruits. Conjlm Avellnna is the Filbert, or Hazel ; 
Castanea mftett, thi; Sweet Chestnut : C. amenrmia produces a smaller 
nut; i'h////# ftt/lmf/cfif the comnum Beach, has a valuable hard wood, 
as also Carpivus BetuJmy the Hornbeam ; and Ostrya virymim is called 
Iron-wood in North America. Oil is obtained by pressure from the seeds 
of the Beech and the Hazel; the Nut-oil of the "latter is hugely used by 
painters. 

(MYRiCACKiii: constitute a small Order of shrubs with resinous-dotted 
often fragrant leaves ; monoBcioiis or dioecdous aclilamydeous flowers, both 
kinds in short scaly catkins ; stamens 2-1(1; ovary 1 -colled, with 1 erect 
ovule; fruit drupaceous; embryo without allmineu; radicle superior. 
^^ley difler from the other ameiitiforous Orders in the simple and free 
ovary ; they are also related to Urticacem, but differ in tie amentaceous 
inflt)roscence and in the structure of the seed. They have many points 
in common with Jughuidaccje, but differ in their aclilamydeous flowers 
mid superior ovary. They are aiumatic shrubs or trees, with tonic and 
astringent urojKjrties ; and wax, resin, fmd oil ate obtained from tliem. 
Myrica Gale, the Bog-Myrtle, or Dutch Myrtle, yields an aromatic oil 
and secretes wax ; M. cenfera, the Wax-Myrtle, secretes a green wax ; 
('omptonia mpleniifolia is used in cases of dianha'a in North Ameiica. The 
fruit of Myi'wa edyida is eaten in Nepal. Genera: Myrica^ Coinptonia.) 


Oader CXXXI. BETULACEiE. The Birch Order. 

ClasB, J uliflorai, Endl, AU, Amentales, Zmef/. Coh, Amentales, 
Berdh, et Hook. 

400. Diagtuma . — ^Trecs or shrubs; monoecious, with both kinds of 
flowers in scaly catkins, 2 or 3 under each bract (scales of the flowers 
whorled in Alum ) ; ovary 2-celled, 2-ovuled, ripeninu into a dry, 1-celled, 
1-seeded, often winged nut, without a cupule ; seed pendulous, exalbu- 
minous ; radicle superior. 

iLLUSTEATn’R GeNERA. 

Betula, L. Alnus, Z. 

te— This small Order distinguished from GupuOSfmifo- 
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JuglandacesB by the free ovary, and the regular occurren^y|0^;tty||U 
the -ovary, one cell, however, being usually obliterated in the fruit. From 
Salicaceae they differ in the 2 cells, and by the solitary ovule in each cell. 
These plants belong chiefly to temperate and cold climates ; Betida mna 
and Alnm incana form dwarf shrubs further north than any other woody 
plants, except some Willows. The bark is regai'ded as tonic and astrin- 
gent, and an empyreumatic oil is obtained from that of the common 
Birches Betula alba and gltdinom, which gives the peculiar odour to 
Russia leather. The bark of B, papyraaea is used for making baskets 
and many other articles in North America. The sap of B, alha, nigra, 
and lenta yields sugar at certain seasons. Alnm ghtUuosa is the common 
Alder ; its wood is esteemed for work to remain under'water, and for the 
manufacture of charcoal; the leaves and female catkins are sometimes 
used by dyers. 


Order CXXXII. SALICACE/E. The Willow Order. 


* Class, Juliflorse, Endl, AU. Amentales, Lindl. Coh, Amcntales, 
Betdh, et Hook. 

Fig. 414. 


491. Diagnosis . — ^Dicecious trees or shrubs, 
with both kinds of flowers in catkins, one 
under each bract, entirely destitute of enve- 
lopes, or with a membranous, cup-like peri- 
anth (fig. 414) ; the fruit a 1 -celled and 2- 
valved pod, containing numerous seeds 
clothed with long silky down ; no albumen ; 
radicle inferior. 



^ male and 9 fipmale flower 
oiPopulus. 


Illustrative Genera. 


Salix, Z. 


Populus, Z. 


AAnltlefl, Ass. — This amentiferous Order, consisting of but two genera, 
one of which, Salix, is rich in species, is at once distinguishable by the 
2-valved fruit haying numerous seeds clothed with silky hairs. The 
2-caroollary ovary pd the inflorescence connect them closest with 
Betulacem. The Willows (Salix) and Poplars (Bopnlwi) belong to tem- 
perate and cold climates. Some we valuable for their timber ; the young 
shoots of Willows furnish material for basket-work ; and the bark has 
usually febrifuge propertie^depending on the presence of Salicine. Ptyni- 
Jus mgra is the common illacK Poplar, of wliich the Lombardy Poplar 
appears to be a fastigiate variety ; P. tremula is the Aspen ; P. aXba is 
the Abele, or White Poplar. Smx hahylmwa is the Weeping Willow ; 
Sallows and Osiem .are the shoots from pollard stumps of Salix vimirudis, 
viteUina, &c. ; ^ix alba is the ordinary Willow-tree found by river-sides. 
Willow- wood^ is used to some extent in turning, on account of its white 
colour, and it is esteemed for making charcoal 
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Order CXXXIII. CASUAEINACE^. 

Class, Juliflonc, Efidl, AU, Amcntales, Lind^, 

402. Diagnosis, — Pseudo-leailess trees with pendulous, jointed, striated 
branches, the nodes sometimes with short toothed sheaths (whorls of 
leaves) ; flowers in spiktjs, aclilamydeoiis, diclinous ; the barren flowers 
ill loose spikes, with 2 l^mcts and "2 sepals, the latter adherinfr at their 
points ; stamen 1 ; anther 2-celled ; the fertile flowers in dense spikes or 
heads, wdtli 2 brirtjts ; ovary 1-celled, with 1-2 ascending ovules j seeds 
exalbuminous, wdtli a superior radicle. 

Illubtiiative Genus. 

Casuaidna, L, 

Afanltles, fte. — A small group consisting of trees of remarkable aspect, 
the brancln^s having much the appearance of the branched Equiseta, The 
jointed 8tt*ms and luiortive leaves connect th(?ni also with Ephedra among 
the Gymnospenus, to wdiich they approach also in the very reduced cha- 
racter" of the flow’ers. They acquire large dimensions; aiid the wood of 
their trunks becomes veiy solid and heavy. The greater portion of them 
are natives of Australia, where they are called Beef-wood trees, from the 
rod colour of the timber. 

( CirT.()iiANTiiAf;EiE Constitute a small Order, having the following cha- 
racteristics. Herbs or uudcr-slirubs with jointed stems swollen at the 
nodes, opposite simple leaves witli slieathiiig stalks and minute inter- 

S etiolar stipules ; flow’ors in terminal spikes, achlamydeous, hennaphro- 
ite or sometimes diclinous, w'itli a scaly bract ; stamen 1, or, if more, 
coherent and delinite ; ovary 1 -celled, l-seeded ; seed pendulous ; embiyo 
in the apex of fleshy albumen; radicle inferior; cotyledons divaricate. 
Nt*ai‘ly related in gtineral character to l*ipeniceic, but difieriug from them 
and from Saururacem in the absence of tlie double endosperm, the embiyo 
being witliout the “ aiimiotic sac;’' there is a more distant relationship to 
UrticaceflB, and perlin})S some alRnity to Loranthacesc. The plants are 
tropical, commonly have fnigmut properties ; and the roots of Chloranthm 
odUinalis and hrachystachys arc esteemed as tonic, febrifuge medicines in 
the West Indies. The specitjs oi Uvdyosnmm have similar properties. 
The leaves of CMoratUkus wcmvpicua are occasionally used to flavour 
Tea.) 

Order CXXXIV. PIPEEACE^. The Pepper Order. 

Class, Piperitoe, Et^l, AU, Piperales, Lindl, Coh, Pipera^, Benth, 

et Hook, 

493. Diagnosis, — Shrubs or herbs with jointed stems ; opposite, 
whorled, or, by suppression, alternate leaves ; stipules absent, in pairs. 
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or singly opposed to the altortato leaves ; flowers Fig. 416. 
spiked, hermaphrodite or dicDcioiis, achlaniydcous, in 
the axil of a bract, with which they are sometimes 
confluent; stamens 2 or more; anthers 1-2-celled; 
ovary free, simple, 1-cellcd, with a single erect or- 
thotropous ovule ; fruit somewhat fleshy ; seed erect, 
with the embryo in a distinct sac {amnios) at the top 
of copious albumen (fig. 415) ; ra^clc superior. of 

iLLUSTKATms Geneha. 

Peperomia, JR. P. | Cliavica, Mig. | Piper, Z. 

Macropiper, Mig. Cuboba, uMig, Artanlho, J\ftg. 

Affinities, &c. — The stems of some of the Pipcraceie present so irregular 
a form of arrangement of the wood, that some authors have regarded 
them as. belonging to the Monocotyledonoiis class; but this structure is 
not exactly that of the Monocotyledons, and they have a dicotyledonous 
embryo and reticulate-veined articulated leaves; they may, however, 
be regarded ns connecting the two Classes through Arncete, tht'niselves 
somewhat anomalous forms of Monocot vledons. The chief peculiarity of 
the wood is the presfmeo of woody bundles (sometimes forming a complete 
ring) in the pith. Tlieir nefirest relations are Ohloranthacret^. and Saiiru- 
racem ; hut they difler from the former in tin; ^4lc of tlni emliyo, tlie 
erect seed, and the alternate leaves ; from the latter in tlici simple ovary 
and the absence of stipules. They are more distantly related to Uili- 
cacem. 

Distribution. — A large Order, the species of which are for the most part 
tropical ; most abundant in the hottest paits of America and of the East- 
liiaian islands, in damp situations. 

Qualities and Uses. — Pungent and aromatic, more or less astringent 
or narcotic. IJlack Pepper cremsists of the dried fruits of l*tj)cr mt/nnn ; 
White Pepper is the some, with the tleshy epicaip removed by wishing. 
Long Pepper consists of the dried spikes of Chavica Roxlmryhii {Piper 
Imgum ) ; other species of Chavica are used in India and Tropical America, 
with Artanthe mnma, &c. The leaves of CJiavica lietle are cmewed, mixed 
with slices of the Petel Nut {Arvoa oUn'orm) and lime, by the Malays and 
other Indian races. The ripe fruits of Cuheha tyfficinalisy canitm^ WaUichiL 
&c. fom Cubebs, or Cubebs Pepper, and have aromatic, stimulant, and 
purgative {iropt^rties ; Artanthe ekmpata and adunca are said to have 
similar virtues. Macropiner methynticunij the Ava or Kava of the South- 
Sea Islands, has powerful narcotic properties. The leaves, or powdered 
leaves of Artmdhe ehmgata are also esteemed as a styptic, known by the 
name of Matico, in South America (other nlants ore also called by this 
name, such os Eupatorium t/lutinomm), M!c)st of the plants of this Order 
possess some of the above properties, more or less powerfully marked ; 
Artanihe crocata yields a yellow dye, obtained from the spikes of i^it. 

' ^AUBUBACEffi constitute a small group of aquatic or marsh plants, 
of North ‘America, , China, and North India, related to PiperacelB, but 
differing m the comj^oiind ovaries and stipulate leaves and wood destitute 
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of bundles in the pith. They axe mor(p or less acrid. Saumrus cemuu8 is 
sometimes used in medicine, an irritating cataplasm being made from the 
root.) 

(CKiiATOPHYiiLACEiB are aquatic herbs with whorled, finely disserted 
leaves, and minute axillary and sessile monoecious flowers, without floral 
envelopes, but with an 8-1 2-(iloft involucre in place of a calyx ; the fertile 
flower is merely a simple 1-celled ovaiy, with a suspended orthotropous 
ovule j the seed tilled by a highly developed embryo with 2 cotyledons and a 
conspicuous plumule ; radide very short, inferior. The genus CeraiiiphyU . 
kmi^ of which some authors desenbe 0 species, while others reduce them 
to 1, constitutes this Order, consisting of aquatic plants with whorls of 
leavi?s, and ha ving almost the appearance of some ( ^oiifervoid. The relations ' 
of CeratophyUnm are obscure: it has been connected with the Ilaloragaeem 
from its rewmiblanco to while Lindley places it provisionally 

among his ITrtieales. The most rttinarkable point is the stmeture of the 
seed, which is exalbuminoiis, and consists principally of 2 fleshy cotyle- 
dons, inside which stand a decussating pair of leaves, and within these, 
surrounded by withered endosperm-cells, is the plumule, bearing a whorl 
of leaves sojiarated by a sliort iiitemode from the second pair. In the 
highly develv>ped state of the plimiule they resemble Nelumhium, They 
are found in diU'hes &c. throughout the northern hemisphere, and they 
have, no active properties.) 

((^ALLlT^lc.^fA^K.K are small aquatic annuals, with opposite entire 
leaves, and soliti^y polygaiiioiis axiUary flowers, wiUiout any proper 
tloral envelopes ; fruit 4-iobed, 4-celled, 4-seeded; seeds peltate ; enibj^o 
inverted in the a.^is of fleshy albiinien ; radicle very long, superior, i ’bis 
Ortler consists of the g(jiuis C %tric1ic, comprehending the Starworts of 
our freshwater pools, of which ti species occur in Europe and North 
Auuniea. Their flowers are so simple that it is diflicult to settle their 
attinities. Some regard them as related to Ilippuris^ ayiong the Halora- 
gaceie ; but they appear to bo truly ochlumydeous, whence others consider 
them allied to Eiiidiorbiacea), from which they diiier only in their 4- 
lobed ovary and in the structure of the seed. They have no known 
properties.) 

(PonosTEMACK.® are aquatics, growing on stones in fresh running 
water, .with much the aspect of Seaweeds or Mosses ; the miQute flowers 
bursting from a spatbe-liae involucre ; perianth 0 or of 3 sepals ; stamens 
1 or many, hypog}'iious ; ovary compound, 2-37celled, with 2-;3 stigmas ; 
ovules numerous ; fruit a many-seeded, ribbed capsule, tbe {>lacentatiou 
of which is axile or parietal ; seeds exalbuminous, with a straight embryo. 
This is a group of veiy curious plants, having a distinclly Dicotyledonous 
embryo, but much tho habit of the Monoootyledonous Naiadacem. Lindley 
regoras them as related to Elatinaceae, or possibly to Plautaginaceic, by 
way of lAUorella. Ilydroniachys is (frclinous, the ptber genera perfect. 
In. some of tbe genera there is no real distinction between stem and leaf, 
tbe structure being analogous to a thallus. They ore most numerous in 
South America ; some occur in India ; one in North America. They have 
no active properties ; but some species of LacU are used for food on the 
Bio Negro and other parts of South America.) 
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Obdee CXXXV. :pALANOPHORAC&®. 

isf 

CloBs, Kliizantheffi, Bndl, Class, Bhizof^ns, Lindl, Coh, Bhizantiiales, 
Benth, d, Hook, ' 

404. Boot-parasites "VVTith amoiphous fungoid stems, 

destitute of leaves, never green, with fleshy subterraneous rhizomes 
or tubers^ and naked or scaly peduncles bearing spikes of dowers ; 
flowers mostly unisexual ; mule flowers conspicuous, with a tubular 
entire, slit, or 3-5-lpbed pofian^, .valvato in the bud; stamens 
usually 3-5, more or less connate, or distinct ; female flowers very 
minnte; perianth Wif^h the lube adherent, and mostly without a 
limb, or 2-lii)ped ; ovary inferior, mostly l-ccUed ; styles 2 ; ovule 
solitary, pead^ous ; fl:uit a smalls gompressed, l-seeded nut ; seed 
Vith hard granular albumen and a lateiul amorphous epibr>’o. 

Illustk^tive^^ Qkkjsba. 

Balanophora, iForst, Sarcophyte, Spamn, 

Cyngniorhim^ Michel, llelosis^ Hich. 

Affinities, fto. — ^The pectiliar parasitib habit and fungoid texture of the 
plants of this and4ho two succeeding Orders have induced many authors 
to separate them from all other. Flowering plants as a distinct class; hut 
the groimds of this separation seem mitenable ; pwsitism occurs in plants 
of tile most vaiied structure,' and this character of habit is not even of 
ordinal value. The structure of the stems of BalanophomceaB is merely a 
degraded form of the Xhcotyledonous type ; and the flowers are in like 
manner provided with all ^he reid essentials of the I’hanci'ogamous struc- 
ture, since the acotyledpnous embryos, upon which stress has been laid, 
occur in Orobntichaeese,^ Orchidae'eae, and various other Orders. Dr. 
Hooker, who h'ap nlost elaborately investigated this Order, rcgnids them 
as having affinity, ih ‘Hheir floral 'structures^ to the llfdoragacem, where, 
as in Hijjpurittf we find in plants not pai'^itic a reduction of the parts of 
the flowers os complete as that in. Opt^nonmn, They are closely related 
to Gunnera ; but diifer in their pari^sitic habit, absence of leaves, &c. 

Afany of the plants seem to' have styptic qualities; Cytwnummn coed^ 
nevm was formerly highly’valued by surgeons for this purpose, under the 
name of Firntpis mvUtemis, 'Sitos have very disagreeable odour, others 
are eaten like l^ushrooms. They occur on tlie roots of various Dicoty- 
ledonous trees, chiefly on the m6untaiils .of tropical countries, especially 
the Andes and the llimalayas ; a few Occur at the Cape and oUier parts 
of Africa, and some in Australia'! Ojnonwrium is found in Malta, North 
Al|i^^ thef lievant, and the Cana^ Xslpids. ^ 

are root-parasites of fungoid* tottile, with perfect or 
jHpcecious flowers, solitary and sessile or clustm^ ait the end of a scaly 
mm; periimth 34l-parteu, anthers opening by slits; ov^ inferior; 
ovifles vgiy numerous, growing over parietal placentas ; friiit a l-celled. 
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many-seeded berry; seeds imbedded in pulp, albuminous or exalbuminous ; 
embryo amoiphous. Cytmtu hypocidis iToouth Europe) is parasitic upon 
the roots of uistusy and has unisexuid nowers Hydnomj a Cape plant, 
flowing upon fleshy Eupfuirbire and ether succulent plants, has herma- 
phrodite flowers. Except in habit, they have very little connexion with 
the Balanophoracese ; and from llaiflosiaceffi they diflTer in the 3-merous 
structure of the perianth and the longitudinal dehiscence of the anthers. 
These plants are supposed by some writers to have a connexion with the 
Monocotyledons thi'ou^h Bromeliaceae. Cytinm has astiingent qualities ; 
Ilydmra africam, which has a putri djsmell* i s roasted and eaten by the 
Aflican natives.) 


Order CXXXVI, EAFJLESI^CE^. 

Class. Ehizaiithedc, JEtidl. Class. Eliizogens, Coh» Khizanthales, 

JBenth. et Hook. 

495. Dlaymsis. — Parasites of. fuitgpid structure, witbeout stems 
or leaves; the flowers solitary, sessil^ uim>ii . the br^ndhc&of trees, 
surrounded by scales, perfect or dicecious ; perianth 5-l()*parted, 
with a circle of scales or a ring in the throat ; anthers .2-ecUed, and 
opening by distinct pores, upon a salver-shaped or subglobosc column 
adhering to tho perianth, numerous, distiz^ct or connate, or con- 
centrically many-cellcd with a comtaou pore ; ovules very numerous, 
growing all over the parietal plaopntas of -the l-celled ovary ; fruit 
uu indehiscent pericarp, willi a great number of albuminous or cx- 

albuminous seeds with an un^vided emblyo. 

% 

Illustrative Genera. 

Rofflesia, 22. Br. [ ^pria. Griff. * | Pilbstylea, ^ill. 

Afilnltlea, fto. — Some of the Eafllesiaceser occur parasitic upon species 
of Omus in the East Indies, othqrs on Leguminous plants in South 
America. They differ from Gytinac^.^' tn the abseaeh of a stem, the 
5-meT0U8 perianth, and the porous anthers. They aieflometimesTegarded 
as related to the Aristolochiaceu). ^ BaffUtsia a plant of Sumatra, 

is a wonderful object, consisting of a gigantic no.wer of fungoid texture, 
measuring 8 feet across, and weighing 14 11^., ehiitting in decay a smell 
like putrescent flesh. This and ^ other species seem to have styptic and 
astringent properties. 
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Ordjsr CXXXVII. ARISTOLOCHIACEiE. The Birth- 
wort Order. 


CUm, Serpentai-ine^ Bndl, All, Asorales^ Lindl, 



the" bud) adherent below to the 
6-celled ovary, which becomes a 
many-Sceded 6-celled capsule or 
berry ; stamens 6-12, more or 
less adherent to the style (fig. 
418) ; pthers adnate^ extrorse ; 
ovules numerous seeds aibumi- 
nouB ; embryo minute. 



Fij;. 4 m Flowrr of Ari^iolockia Clemaiitis, 
Fi(». 417. Ferianlh of Anarum. 

Fig. 4 IS. Ovary and stamens of Arifiolochia. 


Illustrative Genera. 

Asarum, Tmmef, \ Aristolochia, Toumef, 


AfOaitlefl. — The ternnry structure of the flowers of this Order, togethei 
with an aberrant structure of the wood, which presents no concentric 
rings, seems to indicate that these plants have affinities to such Mono- 
cotyledonous Orders as Dioscoroacese, although thi*y ore really Dicoty- 
ledonous. Their more immediate relationships are obscure j most authors 
connect them nearly with Nepenthaceie, the aflinities of which, again, 
are not clearly made out. Their stamens, adherent to the style, distin- 
gui.sh them from all other. Monochlnmydeous Orders. 

Diatribntion.— ^ Inry? Or^ yr. the sm»cie8 of which are generally dif- 
fased ; moat numeroiia^ tmpi<yLSo\^tI> 

Qualities and Uses. — ^iome^of these plants have enjoyed considerable 
reputatiop, having pungent, aromatic, and stimulant qualities. The 
Mochim take their name from the roots of A, Clvmatitis, Imga, rotunda 
and others being used as cmihenagogues. A, SerpetUariaj Virpiniai 
Snake-root, is one of the many specifics for Snake-bites, and it is sto- 
machic and tonic. It is worth notice that species of AridohcMc 

jn different country are considered bv tfiC natives vaiuaOle remediec 
Asarum europamm, Asairabacca, is acrid; 
leaves werei^mer^^uch used in a snuff employed in affections of the 
eyqs. Some^of these plants are very handsome dimhers, with large 
co^te leaves, and smking helmet-shaped flowers. Those of Arinto- 
lochia eoriata are large enough to be used as caps by the Indian hofre 
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in the Brazilian woods. The West-Airican A. GMieam is equally 
large. 

(Nepenthace^ ani herbs or half-shrubby plants with alternate leaves 
which, when perfect, have a long stalk terminating in a pitcher with an 
articulated lia (ii^. 104) ; flowers dioecious ; peiianth 4-merous ; stameps 
coherent in a solid column ; anthexs about lO, extrorsc ; ovaiy free, 4- 
angled, 4-celled ; seeds voiy numerous^ attached tP the sides of the dis- 
sepiments ; embrj^o in fleshy albumen. The relations of this Order are 
at present obscure ; most authors connect them'with the Aristolochiaceae 
&c. They are natives of swamps in the East Indies and ChinajjKaud one 
or two are found in the Seychelles an^ Madagascar. Several facies are 
cultivated in our stoves on account of the curious pitbher-like organs 
which are developed from some of their leaves (§ 101). They do not 
appear to have any active propeities.) 


11 
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Class II. MONOCOTYLEDONES. 

497. Angiospermous Flowering Plants, with stems in which the 
woody buncos are isolated and diffused through a parenchyma in 
w^ich there is no distinction of pith and bark, the individual woody 
bundles never being developed further after the fall of the leaves to 
whiclj|they belong; the leaves (very commonly sheathing at the 


Fiff. 420. 


Fig. 419. Leaf of OfonoM. 
Fig. 420. Leaf of Clit«na. 
Fig. 421. LeafofiSo^forte. 


Fig. 422. Ternary Sower of i^ueuAi. 

Fig. 423. Diagram of ditta 

Fig. 424. Kotuxiotyledonoiu embiyo of Mamegwfon. 


generally with a number of nearly parallel, straight or curved 
419), or with similar ribs given off from a midrib (fig. 420) ; 
iStosa veins suddenly smaller (fig/ 421), occasionally netted- 
the fiowers generally with three organs in each whorl 
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(figs. 422, 423) ; the floral envelopes often all petaloid or all green 
or scale-like, rarely with a green calyx and coloured corolla ; seed 
with an embryo which possesses only one cotyledon, usually rolled 
round the plumule like a sheath (fig. 424, &, c) ; the radicle (a) never 
developed into a tap-root in germination. 

Subclass 1. SPADICIFLOBJE. 

498. Monocotyledons with the inflorescence composed of flowers 
with a scaly, incomplete perianth, or achlamydcous, often unisexual, 
arranged on a more or less fleshy spadix, which is naked, or more 
frequently enclosed by a large spathe. 

In the Palmacejc, the structure of the flowers approaches iBat of Lili- 
aceac in the next Subclass; the Lemnaceso, usually considered the lowest 
representatives of the Aroid type, have so few flowers that the spadiciform 
peduncle does not represent tliis structure very clearly ; but it is surrounded 
by a spathe. Taccacese resemble Araceae in habit" (but their flowers are 
far more complete) ; hence they connect this Subclass with the next. 


Ordeii CXXXVIII. PALMACE^. Palms. 


C'/a^s. Princlpes, £ftdl. All. Palmales, Lindl. Coh. Palmales, 
Benth. ct Hook. 


499. Diagnosis . — Trees cv shrubs, mostly with a simple un- 
branched trunk (fig. 425), occasionally slightly ramified, with larg^ 
terminal clusters of mostly compound, stdked leaves, the stalks 
sheathing at the base ; flowers unisexual or perfect, ynth a^ double 
3-mcrou8 perianth, on a mostly branched, scaly spadix endosed by 
spathe (fig. 426) ; stamens 6, hypogynous or perigynous ; ovary of 
1-3 free or coherent carpels; ovules solitary, rarely two; fruit 
baccate; seeds with rf minute embryo imbedded superficially in 
homy, fleshy, or bony albumen (fig. 428). 


Chomiedorea, WWl. 

I A 


Ueroxylom H. $ £. 
Garyota, X. 
Calam usj X. 


Illustrative Genera. 
Sagus. Geertn, 
Boreas. X. 
Lodm^, LdbiU, 
Sabal, AdaM. 
Chanuerops, X. 


Khapis, H.Jil, 
Phoenix. X. 


Attalea^ XT. B. K. 
Elais. taca. 


jacq. 

Jocos, X. 


Affinities, Ac.— The Palms form a verf natural Order, including a 
great number of plants vaiyiug to a considerable extent among tl^m- 
selves, but separated by very distinct characters from the rest of the Mo- 
nocotyledons. TUby, as a rule, assume an arborescent character, the 
stem being formed on the same fundamental plan as those occasionally 
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occurring in other Orders of Monocotyledons ; the stem of the Calnmoid 
Palms bears much resemblance to that of the Bamboo among the Grasses ; 


Kg. 428. Kg. 425. 



Fig. 42S. Tnmlc ainl fuliRgc of a RjicvifS of Arvrn. < 

Fig. 426. Spathc and spadix of AMrmtryvm rtilifttre. 

Fig. 427. Brrtion of th«* fniit of the Coeba-niit Palm : *, the shidl of the nut. 

Fig. 428. A Date, with half the pericarp (c) removed to show the seed and embryo (jt). 


the forms with scarcely developed intern odes, marked externally by the 
scars of the fallen leaves, agree essentially with those of Ttwca, Xnn~ 
thd^hma, &c., except that the tibrous corneal region is little developed, 
and does not exhibit growth by successive layercr as in those plants ; the 
HyphamttR, which have a branched stem, to ramify in the same way 
as the VeUomm^ by a bifurcation resulting from the occasional develop- 
ment of an axilliiry bud, 'which manifests a power of growth equal, 
or nearly so, to t^at of the tenninal bii^. The ramification of the trunks 
above ground is a rare phenomenon; bu'tit ts very common for suckers to 
he sent out from the bases of the stenb Mow the soil, imitating on a 
larm scale the appearance of the young bglbs aftoiind the parent in the 
heroaceous Monocotyledons. The parenchytha.^pus substance of the stem, 
in which the fibrous structures are imbedded, varies much in consistence : 
sometimes it becomes lignified, and gives a solid cbftiacter to Hie trunk, 
as in the Cocoa-nut Palm ; sometimes it is soft and spon{]|T internally, as 
in thp.Si^q^palms, becoming filled at certain seasons with starch. The 
3pa<]&£binh infioreseence, unfolding from within a largo foliaceous spathe, 
sonxi^llis .the Palms with the Aracem, a relationship fmher indicated by 
tlm low tvne of structure of the floral envelones : out there is a general 
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tendency to union of the sexes here, and a difference in the position of 
the embryo within the albumen^ — ^not to dwell upon the wide diversity 
of jreneral structure and habit. The regular ternary arrangement of the 
llowers, the 6 stamens, and the 3-carpellary superior ovaiy approximate 
this family to the Liliaccse, in which, however, the habit ditfers in almost 

* j 1 .1? J.I. . X" ij. - j j mi 



times as much as 20 yeors^, the trunk dying after the ripening of the fruit 
(like the main steni* of the Af/am)^ but occasionally pei*petuating itself 
by subterranean axflhuy suckers. Sometimes the axillary inflorescence 
breaks out ii'om abov(! the cicatrix of a loug-fallon leaf, on the bare part 
of the stem. The flowers are generally very numerous ; it is said that 
the male inflorescence of the Date bears 1 2,000 flowei-s, and that a bunch of 
some of the Soiith-Ameri(;an Palms will bear .‘5000 fruits. In Alfonsia 
ntuiiffdnliiin 207, OCX) flowers have been computed on a single spadix, or 


000,000 on one plant ! 


is verv consider 


ifimsigaiiTmtni 


^^osiIyreduciDle^ 


,v of 


ever^f^ninpJ^yperTTsTnBlG^liere are 3 carpels, either distinct or 


^ ... 

united into a fl-celled ovarv, each carpel commonly producing 1 ovule; 

ill Cocos, however, 2 out of* the 3 c(*lls are rudimentaiy’, and thus only 1 
ovule is developed (*veu at first ; in Areca and others, 3 distinct cells and 
ovules origimilly exist ; in Ckamtnro^is and Phwnix the 3 carpels form 
si'parnte 1-ovuled pistils ; in liortmm, a 3-cellod, 3-ovuled ovary exists, 
and the same in Ijodotcm. In the eom'se of the maturation of the fruit, 


the pericarp becomes variously dcjvelopod, and more or less of the ovules 
or of the distinct simple ovanes are aborted. In Cocos the pericarp is 
developed arouud the one, perfect cell, externally as fibrous husk, inter- 
nally as the "woody shell of the nut ; the fleshy part of the nut (hollow) 
constitutes the alh\imeii of the seed sun'ounded by a brown testa ; and the 
embryo is lodg(.^d in n cavity in the substamte of the albumen, at one side, 
near the base (ti{j. 427). In Arcca, 2 out of the 3 cells and ovules are 
abortive ; the pencarp ripens into a fibroiis husk round a solid seed, chiefly 
composed of norny ruminated albumen (the ArtKsa-nut). In Cliamapops 
and Phamiv,^ out of the 3 simple ovaries ripens into a berry; the pericarp, 
becoming the pulp (Date), contains a “stone,” or seed which is a solid mass 
of horny ftlbuiuen wuth the embryo imbedded in a small cavity a little 
beneath* the surface (fig. 428), its place being indicated by a papilla on 
the surface. In Borasivs, dl tlie ovules beconie developed, and form 3 
fibrous “ stones ” in the fmit. In Tjodoieea it often happens that 2 or even . 
3 ovules coalesce during ripening, forming large, hollow, double or triple 
nuts, of the same diameter as tlie Cocoa-nut, enclosed in a large fibrous 
husk (these are the “ Double Cocoa-nuts ” of the Seychelles Islands ). 
In Sagus and other genera the ovaiy is clothed wjth imbricated scales 
pointing to the base, which ripen into woody structures, forming a peculiar 
nard-scaled covering to the fruit. , 

Distribntlon. — A large Order, consisting of about a thousand species, 
chiefly tropical ; scarce as regards species in Africa ; a few advancing into 
temperate latitudes in North America, Europe and Asia, and >New 
Zealand. 

Qualities and Uses.— Having (apparently) no noxious properties, the 
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Tery varied products of this noble Order of plants render them of an im 

•: . * ■■ 1 . *1 _ 1 


mentarion of the juices of irtSfiy produces spirij pouB'Tiqui ds. feomelTavo 
edihltt fniita o f jyreat importance ; the succulent buds or others are used 
SiBcuIent vefretabh^s ; their leaves are applicable to countless uses, from 
plaTtiiiff mats and hats: the 




supplies a valuable substitute for bristleS’arid whoTebone ; the fibrous husks 
of the fhiits ntford textile npy^terials ; the triinks Tir'some kinds become 
valua bklimber ; andTEeTTard albumen of the seeds of^aeveral kinds is very 
lately used for turners’ work connected with cabinet-making &c. 

Saccharine juice, funiishingr sugar or feimented liquid, according to the 
use made of it, is obtained abundantly by cutting the unopened spnthes 
of Caryoia urensy Citcoa ntwifera^ Borassm flaMliformis^ lihapis vinifera^ 
Safptems {Amiga) Mcehartfer, Phoenix ftyhedt*tSy Manntia viniferaf JSlais 
guineensis, and others ; stakh is obtained abundantly from the central 

Sagnerus 

sacchariftr, Phanlr 

African Oil-Palms (Blais (piineeims and B, melanococca), the fruits being 
crushed and the oil extracted from the albumen by boiling in water; 
Cocoa-nut oil is obtained from the albumen of the seed: wax is ex- 


creted on the lower surface of the leaves of Copemicia ceriftTa, on the 
trunk and between the leaves of Cei*oxi/lm andicola, Calamm Bracoy 
Hypheenvy and others have a resinous matter in their juices. The most 
inipoitant fruits are those of the Date^P/m'WW^ dactylifera) and the Cocoa- 
nut ( Cocos nncifira) ; the fruit of Hyphtme fhchaicay the Egyptian Doum- 
palm, is also eaten ; and the seeds of Arcca Catechu (Betel-nuts), are very 
largely usfid in the East Indies, for chewing with the leaves of the Betel 
Pepper. The fruits of some of the Palms are acjrid ( Cunjotuy Saguirm) ; 
the acridity, however, is removed bv soaking in lime-water, and they are 
eaten preserved with sugar. The Indian Cabbage-palm, of which the 
buds are eaten boiled like cabbages, is Arcca oleracea ; Euterpe mmtana is 
used in the same way. Fibrous substance is derived from the husk of 
the fruit of the Coc(»a-nut (f^ir), Adrocarifum vfflgarcy Attalea funiferay 
and others ; the bristle-like Pioasaba fibres, used for brooms, are from 


heopoldinia Piassnha, The wood of the Cocoa-nut Palms is hard, durable, 
and handsome (Porcupine- wood) ; Borass/us JlaheUiformis yields 'what is 
called Palmyra-wood. Nuts suitable for turning are afforded by the seeds 
of Attalea funif era (Coquillanuts) and Phytelephas maerocarpa (Vegetable 
Ivory). ■ 

Common canos are the stems of Calamm Scipionum, Zalacca, Buden^ 
turn, &c. Partridge cones, used for walking-sticks &c., are stems of an 
unknown Palm. The petioles of Chamterops humiUs ore used for walk- 
ing-canes in Italy ; and the fibre of the leaves of thi^lant is now coming 
extensively into use as a substitute for horse-hair. The foregoing is only 
a brief summary of some of the best-knowm uses of these plants ; similar 
prodifCti^and apnlications are connected with a great number of other 
species besides those here mentioned. Several species are cultivated, for 
the fpmdeur of their foliage, in our stoves : and some, such as Juheeu spec- 
tahiUs, Chameer^ excelsay ore sufficiently hardy to be grown out of doors 
in the south of England. 
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Order CXXXIX. PANDANACEiE. Screw-Pines. 

Clasa. Spadicifloric, EndL All. Lindt. 

•'SOO. Biagnoais, — Trees or shrubs of Palm-like habit, hut often dicl}^, 
tomously branched, with the leaves sheathing at the base, imbricated in 
f'i spiral ranks ; liowers numerous, naked or scaly, male and female or 
polygamous, arranged densely on a spadix furnished with numerous spa- 
tiiaceous bracts ; anthers stalked, 2-^celled; ovaries mostl;y grouped, 1- 
celh*d, with solitaiy^ (jr numerous ovules on parietal placentas ; fruits with 
a librous husk, 1 -seeded, arranged in groups, or many-celled berries with 
mauy-seeded cells ; embryo minute, imbedded at tlie side near the base of 
llesliy albiuuen. 

Illustkative Genkua. 

Su>)ordor 1 . Pandank^. Flowers Subord. 2. Cyclanthk-jk. Nowera 
naked: leaves simple. mindly with a perimdh; leavea fan^ 

Pandnnus, Z.y/7. shaped or ivinnate. 

Freycinetia, (jaud. j Carludovica, F. ^ P. 

! Nipa. Rumph. 
j C}clanthu8, Pott. 

— This Order is related on the one hand to the Typhacese by 
the iiitlorescence, wliicli resembles that of ISparynnium ; on the other to 
the Palmaceie, which the Qyelanihem approach in habit and foliage. The 
branching stem and the large aeriaT roots of Pandanm (fig. d) are ex- 
ceedingly curious. 

Distribution. — Tropical : the chiefly in the Eost-Indianlshmds, 

kliuirilius, &c. ; the Vydanthew American. 

Qualities and Uses. — ^I'he seeds edible ; saccharine fermentible juice 
flow's from the cut spadices of Nipa and other species ; the leaves and fibres 
are used for cordage, plaiting hats, &c. \ 

(Typitaceje are marsh-herbs, with nerved and linear sessile leaves and 
mona^cious flowem, on a spadix or in heads, destitute of a proper perianth, 
wiiich is replaced by 3 or more scales or a tuft of hairs ; 
stamens 1-6, distinct or monndelphous j anthers innate ; 
ovaiy' solitary, 1 -celled; ovule solitary, pendulous; em- 
brj’o in the axis of mealy albumen (fig. 420) ; radicle 
next the hilum. The habit and general appeai’ance of these 
plants resemble those of Cyperaceoi, and the hairs of the 
flowers of Typha are analogous to those of EHophonim ; 
but they belong to the Araceous type, and the structure 
of their inflorescence approaches clos(dy, in Sparganium 
especially, to that of Pandanacese, which, however, have 
the ripe fruits more or less blended into a moss. There 
is also some resemblance in the inflorescence and in the ^ ^ 
flowers to Platanacece. The plants grow in ditches and marshes in most 
parts of the world. The rhizomes of Typha contain a certain amount of 
starch, and the young shoots of Bulrushes (T, kd^olia and T. angusti- 

ffi are sometimes used as escident vegetables, like those of Asparagus. 

ibundant pollen is also nutritious, and is made into a kind of bread 
in Scinde, in FT ew Zealand, and elsewhere.) 

R 5 
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CXL. AROIDE^. 

Class, Sp^cifloraa, JEndl. All, Aralos and 
Juncales^^md/. Coh, Ar^os, BaUh, et lIooh„ 

501. IHcujnom , — Plants with acrid or 
.pungent juice, simple or compound (often 
veiny) leaves, and monoecious or perfect 
flowers crowded on a spadix, which is usu- 
ally surrounded by a large bract or spatho 
(fig. 430); perianth wanting, or of 4-6 
scales ;• fruit usually a berry ; seed with 
the embryo in the axis of mealy or fleshy 
albumen, or occasionally exalbuminous. 

Illustbativb Gkkrba. 

Siibord. 1. Auaceje. Fhywershn- ! Subord. 3. OnoNTiArKJB. Flowers 
perfect: spadix surroundtd by a perfertf rnosily irith a perianth ; spa- 
spathe, • dix sut'rmmdexl by a spatlie, or naked. 

Arum, L, Tribe 1 , With a spathe? 

Oolocasia, Bay, Calla, L, 

Oaladium, Vent, Potlios, L, 

Dieflbnbnchia, Schott, Tribe 3. WUhmd a spathe, 

liichardia, Kunth, Orontium, L, 

Acorns, L, 

Afflnitlef. — ^The peculiar thickened fleshy flowering stem densely 
covered with flowers of rudimentary stnictura^ forminj? the spadix of tins 
Order, together with the spathe met wnlh in most cases, give the group a 
character of habit which is gtmerallv very distinct ; sonic genera, howev(^r, 
such as Acortis, depart from this form, and approach the Typhaceas or 
Cyperacese in aspect, with which the spadiciflorous structure at the same 
time unites them ; they have further relations with the Pandanacem, and 
also with the Palmaceas, in which the inflorescence shares the spadici- 
florous characters ; and although the perianth is much more definite and 
highly developed there, its presence in Acorns and Oronthm of this 
Older foims a connecting link. Lemnaccie are closely related here, and 
perhaps should be regaraed as the simplest form of Aroids ; but the 
conditions are so simple there that it is more convenient to separate them. 
From Naiadacece, in which the iuflorascence is moreover hardly spadici- 
florous, the Aroids are easily distinguished by the character of their seeds. 
The Araceos are either herbs, sometimes with very laigo leaves and 
spikes, or their stem becomes more or less developed and branched, so as 
tf them a shmbby character ; while others are miphyde and climb- 
iMk^ts, producing aerial roots like the Orchids, l^e leaves are of the 
zaSiEyaried character in this CMer. 

. llMMtmtloiu — k. large Order, not numerous in temperate climates, but 
represented there by Jlrtim, CaUa^ and Acorns* Most abundant in the 
tri^os^ especially in forests and the bwer regions of mountains. ' 


Fig. 430. 



lnflon‘Bcenec‘ of Calla. 
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Qualities and Uses. — juices of the Aroids are generally acrid and 
dangerous, some very poisonous ; but heat seems to dissipate the noxious 
piinciples. The acridity is replaced by agreeable aromatic pungency 
in Acorus Calamm. The conus and rhizomes often contain muci starch, 
which is extracted, and purified by washing, from Amm maculatuyti (Port- 
land Arrow-root) ; whihs the comis of Arum indmmj Aynorphophallm cam’- 
pffmdatm, Caladium bivolor, Cdacamt (“Cocoes’* and “Eddoes,” 

West Indies), C macrorhiza (“Tara,” South-Sea Islands), and C. //tV/ia- 
lupeum are eat*ni, roasted or boiled. The rhiztunes of Calla pfdusiris are 
also eaten after tliorough washing. Dieffenhavkia seguinay the “ Dumb- 
cane ” of the West fndies, is so called from the intlammation of the tongue 
and fauct^s produced by chewing it ; Dracontium pertmum (I'emarkable for 
its perforated leaves) has blistering properties, ISymphcarpm fa tiduSy the 
ISkunk-cabbage ” of North America, is very foetid, us is also the newly 
opiuKid iiiHortJScenee of Dravunculmy A. italicumy and others, which 
pi’odiice sickness and serious indisposition in some constitutions. lUcluirdia 
afneamt is tin? white-spath(*d Trumpet-lily ” of our conser\'atories. The 
specit's of Philodendrou, w'ith rosy spathes and broad lc:aves 2 feet and more 
long, are very luindsome stove-plants. The recently introduced AsUhu* 
rium l^cheiwiannm is pai*ti(iularly noticeable for its brilliant scarlet 
spathe.s and its twisted spadix. 

(Lj^mnacka^ are minute stemless plants, floating free on the water, 
either destitute of distinct stem and foliage, as in Zemim, or consisting of 
tufts of leaves connected bv filiform runners (Pidia) ; producing few 
monwicioiis flowei*s, suiroundi^d by a spathe, from a chink at the edge or 
upp(*r surfa<!e of the frond, or in the axils of the leaves j stamens definite, 
sonietimes inonadelnhous ; o. aiv J -celled, with 1 or more erect ovules 
from the base of tni! cell; fruit a 1- or more-seeded utricle; embryo 
straight, in the axis of fleshy albumen. Lemmj the genus to which the 
coiuinon Duiikweeds belong, is one of the simplest reprt'sentatives of the 
IMianerogamia, composed of a stem consisting of 2 or 3 small leaf-like 
lobes producing little filiform roots below, and ultimately displaying a 
scale-like spathe at the margin, enclosing the infiorescence, reduced to 
tw'o naked and unisexual flow'ers;^^ the male flow er consisting of one or 
two stamens, the female of a simple pistil. Ustta, also represented by 
little floating water-plants, has distinct tufted leaves, and. the tufts are 
connected by flagellimrm branches like tbe runners of a Slzawbeiry. The 
spathes are here axillary, and they enclose sepai’ate 'male- and female 
flowrers seated on distinct parts of tbe central Ime of tbe spivtbe, which 
would appear therefore to be a branch/ like the leafy peduncle of Bmcm, 
or else it nas the spadix or peduncle adherent to its inner face, lly some 
this genus, with Ambromna, is included under true Arads. The Lem- 
nacese.are ^e lowest forms of the Aroid type of Monocotyledons, and arc 
related by habit to the Naii^acem. The Lemna occur chiefly in cool 
climates; principally in the tropics.. Pistia appears to possess 

acrid properties; but the plants are of little importance, except, perhaps, 
as tending to purify the stagnant pools and ditches in which they abound. 
Genera : J^nna, L. ; PUtiay L. ; Ambra&may L.) 
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Subclass 2. PETALOIDEiE. 

502. Monocotyledons, with the floral envelopes consisting of a 
regular or in’cgular perianth, of two whorls, both pctaloid, or more 
rarely both herbaceous, sometimes with a green or scaly calyx and 
a petaloid corolla ; the flowers mostly perfect, more rarely unisexual ; 
the leaves with the primaiy ribs parallel, or with a midrib and 
parallel secondary ribs, or rarely reticulated 8om(fwhat in the same 
manner as Dicotyledons, but with the veins branching at more 
obtuse angles. 

The greater part of the Orders here associated have a natural connexion 
in the structure of the peiianth (either superior or inferior), the s^Ticar- 
poua ovaries, and the albuniinous seeds. Rut a small asscuiiblage of Orders 
which are includ(id ht?re diverge gieatlv from the general character, while 
they differ so much from cjich other that they cannot very well be sttpa- 
ratod in the form of one distinct group: these are the Ilydrocharidacere!, 
the Alismocefe, and the Xaiadaceje, which agree in the common character 
of an exalbiiminous seed : but the first have an inferior compound ovary, 
and seem to approacli Bi’omeliacem ; the second have more or less distinct 
carj)el8, together with a gre‘en calyx and colourcKl corolla, such ns occurs in 
Commelynace^e ; while the thii*d^ also apocarpous, in their simpler forms 
approacli in habit to the Aracem. 

Section A. Ovary inferior. 

(TACCACEAi! aTC tropical perennial herbaceous plants with tuberous 
roots and large leaves, somewhat resembling Aracem in habit, but with 
epigynous, petaloid, hermaphrodite flowers, the perianth of which is 
tubular ; concealing 0 stamens with petaloid filaments incurved and hooded 
at the apex ; ovary 1-celled, wdth 3 parietal placentas proj»»cting more or 
less into the interior; fruit a berry; seeds with fleshy albumen. The 
plants are commonly regarded as connecting the epigynous Monocotyledons 
with the Aristolochiaceje, a T)ic(»tylodonous Order with S-merous flowers ; 
they have aifinity in habit to the Aracem, and in the floAvers approach 
Bromeliacem. The watery juices of these plants are acrid; nut the 
tiiherous roots contain much starch. This is extracted by washing from 
Tacca pltmaiifida^ by the inhabitants of Taliili and other islands of the 
Soiitli Sea,' who use the meal for bread, cultivating the plant in fields. 
This species, Avith T. duhia^ montma^ and others, are used m like manner 
in 31alacca, the Mofuccas, Oocliin China, &c., and are sometimes eaten 
raw with an acid, which neutralizes the acridily. Genera : Tacca^ Forst. ; 
Airnda^ Presl.) 

Order CXLI. DIO SCORE ACEiE. Yams. 

Artorhizas, Bndl, Clms. Dictyogens, Zmd/. Coh, Iridales, 
Bmth, et itooh, 

503. Duiffnoiis * — ^Plants with twining stems rising from large tubereus 



PEIALOIDEiE. 


373 


or knotted woody root-stocks, with broad netted-Teined stalked leaves, 
small diojcious 0-androus regular flowers, the tube of the 0-parted perianth 
adhering in the fertile flowers to the 3-celled ovary ; styles 8, distinct 
or deeply trifid ; ovaries 1-2 in a cell ; stamens of the barren flower 6, on 
the perianth; frtiit a 3-celled (or by suppression 1-celled) dehiscent 
capsule, or a succulent berry ; seeds with a small embiyo in a cavity in 
the hard albumen. 


Illusthattve Gknera. 

Tamils, Z. I Dioscorea, Z. 

Affinities^ — \ery near to Smilace®, from which they difler in the in- 
ferior ovary and tlio cavity in the albumen ; the mostly capsular fruit is 
replaced by a berry in Tahnia, like that of Smiim', but inferior instead of 
superior. The epigynous condition relates these plants to Amaryllidace®. 
Some authors consider that they are related to Aristolochiace® } but it is 
a distant afliiiity. 

Distribution.—A rather large group, chiefly tropical ; Tamm communis 
is liritish. 

Qualities and Uses. — The sap is often more or less acrid ; but the tubers 
formed by certain species of Yams, Dioscorea saliva y alaJtay and 
contain abundance ot starch ; so that, under cultivation, and after cooking, 
when the noxious principle is dissipated, they become valuable articles of 
food. The tubei’s of other /hWorcfl? are unfit for food; and those of Zh- 
cmmmniiSy Black Bryony, have amd, purgative, and emetic properties. 
Tekifdinnria elephanti))eSy a Cape plant, in cultivation in our Botanic Gar- 
dens, produces a remarkable tuber above ground, resembling a rugged 
Htunip of an old tree, covered by a kind of false bark, which is tessellated 
with large compound angular facets ; its internal substance is eaten by 
the Hottentots. 

(PinLESTACEJii: are climbing or erect shrubs with coriaceous, netted- 
ribhed leaves and large and showy periect flowers with an 6-merous peri- 
anth in two circles, equal, or the calyx much shorter ; stamens 0, adherent 
to the perianth at the base; ovary 1-celled, with 8 parietal placentas; 
ovules semianatropous (not orthotropous, as is commonlv statea). These 
plants, consisting of iMpagp'ia rosea, a climbing shrub with beautiful 
crimson flowers, and Philesia huxifoUa, the flowers of which differ chiefly 
in the marked dilference of calyciiie and corolline circles and the mode of 
union of the bases of the filoinents, differ from Liliace® chiefly in the 
parietal position of the placentas ; in habit Lapageria is related to Smttar, 
and is in some measure intermediate^ between Smilace® and Liliace®. 
They are Chilian plants, now in cultivation with us. Lapageria bears 
sweet edible berries.) 

(KoxnunoHiACEJE consist of 4 species of Boxhurglda, twining shrubs 
with broad leatherv leaves and tuberous roots, &om the hotter parts of 
the East Indies. Their habit connects them with Smilace® ; but their 
perianth is composed of 4 petaloid pieces, and they have 4 stamens with 
enlarged connectives (each set of organs, according to Griffith, in^ 2 di- 
merous circles), and the 1-celled ovary (formdd of 1 carpel, according to 
Griffith) has numerous anatropous ovules arising from the base of the 
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cavity ; the sessile 8|;igina is pcnicillate. The fniit is 2-valved, witli 2 
clusters of seeds attached on long corfs ; embryo in tlio axis of fleshy 
albumen. The affinities of these plants are not clear; but the resem- 
blance is perhaps greaU^r to Pans than any other genus that can be 
named.) 


Order CXLIL SMILACE^E. The Sarsaparilla Order. 


Class. Coronarieic, EuilL Class. Dictyogons, Lmdl* Coh. Liliales, 
Benth. et Hook. 


504. Diagnosis . — Herbs or climbing shrubby plants with 
stalked n ctted-vcined loaves^ regular ])orfect or dioecious 
fl-owers, "with the 6-10-partcd perianth of the fertile 
flowers free from the 3-5- (rarely l-2-)cellcd ovary; 
stamens 6-10, iiitrorsc ; styles or sessile stigmas as many 
as the cells of the ovaiy, and dLstinct; fruit a berry 
with few or several seeds ; cmbr}’o minute, in hard fleshy 
albumen. 

Illustrative Genera. 


Fig. 431. 


Smilax, L, 
I*aris, L. 


Trillium, MiU. 
Mcdeola, Gronoo. 


u 

Affinities. — The plants are not separated by any good charac- Stiuinsn 
ter.s from the Aspai'ageoiis tribe of the liiiacem on the one 
hand, while they pass into Dioscoreaceie on the other, from 
which they difter chiefly in having a superior ovary. Smilax repr(*sents 
Smilacefe proper ; Pam, Trillium, Ikc. have the calyx unlike tlie corolla, 
and are sometimes made a separate Order, called Trilliacesc. 

Distribution. — ^A considerabJe Order in point of numbers. Temperate 
parts of Europe, Asia, and America. Many species of Smilax in tropical 
America and Asia. 

t^lities and Usefl. — Smilax has diuretic and demulcent properties, for 
which the creeping rhizomes of m^v species are used, under the name of 


^ilax Chim has a fleshy root, said to possess similar properties. S. 
Pseu^Chim is laigelv used in domestic medicine in the iJnited States. 
Paris, ^illiutn, and Medcola are more allied to the active Liliacem in their 
properties. Paris ^drifolia, a curious herb ffrowing in groves in this 
countxy, is said to be a narcotic and poison ; mcdeola tirginka is emetic 
and diuretic. The species of Trillium are violent emetics. 
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Oadeb CXLIII. LILIACE^. Lilies. 

Ckm, CoroiiariesD^ Endl, ^ AIL Liliales, Lindl, Coh. Liliales, 
Bmth. et Hook. 

505. Dmimsis , — ^Hcrbs with parallel, sessile or sheathing leaves, 
regular perlcct 0- (rarely 4-)aiidrous flowers, with the petaloid 6- 
morous ])oriaiith, free from the 2 -3-celled ovary ; anthers introrse, 
attached hy a point ; style single ; albumen fleshy. 

Character, 

Perianth free, of 0 pieces in 2 circles (fig. 432), distinct or united, 
mostly of similar colour, and ri^^lar. 

Stamens 0, introrse, insei-ted on the segments of the perianth. 

Ooary free, 3-cclled, with numerous auatropous or amphitropous 
ovules on axile placentas ; styles simple ; stUjma 3-lobed or undi- 
vided, sometimes sessile. 

Fruit dry and capsular, loculicidally valvate, or succulent and in- 
dehiscent ; seeds with the embryo mostly in the axis of fleshy 
albumen. 

Fig. 433. Fig. 434. 

Fig. 432. 


Fipf. 432. Flower dtScUla. Fig. 433. Stamen of AlUufn. Fig. 434. Infloresoenoe otHvaew. 

I 1 .LUSTI 1 ATIVK Genera. 

Tulipa, Toumof, Sanseviera, Thunh, Hyacinthus, X. 

Fritularioy X. Aloe, Totmitf, Asphodelus, X. 

Lilium, X. Y ucca, X. Asparagus, X. 

Funkia, 8pr, Allium, X. Draceena, T^mid. 

Agapanthus, Hdrit. Scilla, X. Convallaria, Desf, 

Phormium, Forst, Muscaii, Toumef. Kuscus, Tounief, 

AlllBltiM.— Looking only at the more familiar forms of the Liliaceie, 
the characters of the flowers are very deflnite, although the habit of the 
plants brought together in this Order varies extremely; but there exist 
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certain genera of petaloid Monocotyledons, whose relations appear closest 
to Liliacese, which form links of chains leading off in very varied 
directions, through the Orders of this Subclass. TuMpa and the allied 
genera, with usually distinct lobes to the perianth and versatile anthers, 
are bulbous herbs : Fmilcm^ IlemerocaUia, itod other genera have a more 
or less tubular perianth, and often tuberous roots instead of bulbs ; Ahe 
has thick succulent leaves on a perennial stem; Yucca has a ralm- 
like stem and rigid leaves. Scilla, Aliimn, and their allies ai'e bulbous 
herbs, differing chiefly from the group to which Tulipa belongs in the 
firmly fixed anthers, and a membranous spathe enclosing the inflorescence 
when young. Authcrtcmn and others resemble the last, but have tuberous 
or fibrous roots; AphylUudhes is a plant with the habit of Juncaceic and 
the flower of Liliacese; Xanthorrhmi^ a genus belonging to the same group, 
forms a woody trunk like Yticca, or a sinall Palm. Asparatjun and its 
allies, including Convallaria, ISmiiachui, Ituscu^, &c., together with the 
arborescent Dracamec and CorthflineSy are Lilinccs'C with succulent fruits, 
and scarcely separable from Smihicese. Conanthcra and its allies, with the 
general structure of Lilinceac, have the perianth more or less adherent, 
thus approaching Ainarvllidnceie. Wachcntloijiny Loplnola, and others 
have the free ovai*y of Liliaceie, but triandrous flowers and the foliage of 
Htemodoraceoe. Aspidistra bears some resemblance in its foliage to 
ZingiberacesB, while the charticter of the flowers approaches that of the 
complete Aracem. OphiopfHpm and PeHosanthcs ni*e likewise doubtfully 
placed here ; but their structure is not satisfiictorily made out. 

We see, therefore, that the Liliaceae have widely spreading relations, 
although the typical forms %re at once distinguishable. The superior 
ovary separates them from Amaryllidaf‘.eflB, and the introrse stamens and 
closely coherent carpels from tlie Melanthacene. Their very near con- 
nexion with iSmilacore is noticed above ; they have a more Ilisttmt afii- 
nity to the Palms and to the Juncacea) in tlie geuend structure of the 
flowers, diflering from both in habit, fruits, and seeds. Gilliesiacem and 
Pontederacem ore scarcely more than aberrant Liliaceie wdth iri'egular 
flowers. 

The stnicture of the arboresceijfc stems of Dracaena, Cordf/lme, Xan- 
tharrkcpa, Yucca, kc. has attracted considerable attention, since, contrary 
to the usual habit of Monocotyledons, their trunks sometimes increase 
more or less in tliickness with age. However, the central axis corresponds 
essentially to that of the Palms ; only a peculiar rind or false bark exists, 
capable of increase by layers, somewhat in the same way as the liber of 
Dicotyledons. 

DisMlmtion. — A large Order, the members of which are very variously 
and wridely distributed ; the bulbous kinds common in temperate climates, 
the fibrous-rooted with them and in warmer localities : the succulent- 
leaved Aloes chiefly S. -African ; the arborescent forms mostly subtropical. 

Qi^lties and Uses. — ^Many of the Liliacese have active properties, and 
the juices, the fibres, or the fhiits afford products of value in the arts. 
The juice of the succulent-leaved Akm dnes into a kind of resin, medi- 
dnal Aloes, one of the most valuable of purmtives; the species from 
which it is usually ob^ned^ are Aloe spicaia, vwgaris, socotrma, &c. The 
b^b of Urginea mariUtm is the Mccucinal Squill, valuable as on expec- 
and diuretic^ but emetic and purgative in large doses. Pancratium 
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(often cultivated for its flowers) bas similar properties. Tbe leaves and 
roots of Ei'jfthrmium (Dog’s-tooth), of the Hyacinths {Hyacinthna orien- 
talia, hmtaniniSj Sdlla mdans), and the genera Mmcarij Oi'niihogahimj 
Oagea, all have emetic qualities ; the tuberous fibrous roots of Asparagus 
and of tbe Lily of the Valley ( ConvaUaria majalis) are said to pi^irgative ; 
those of Solomon’s Seal ( ConvaUaria Polggonalmn) are acrid. The bulbs 
of the Crown-imperial {FntiHaria tmperiaiis) and other species, and of Glo~ 
riosa sttperba, arti said to be very poisonous. The bulbs of the genus Allium 
have milder properties, and at the same time possess a pungent quality, on 
account of whi(di they are extensively grown for food, the large and milder 
cultivated kinds being esculent vegetables ; the smaller and more pungent 
are valued for imparting flavour. AUium Cepa is the Onion ; A, Pon'um^ the 
Leek; A, mtirum^ Garlic; A. Svhemoprasum, the Chive; A. ascalotiicumy 
the Shallot; A, Srorodojyrasum, the Rocambole : Spanish Onions/’ coming 
from Spain, Portugal, and Ej^’p^» varieties of the common Onion, 

the bulb growing to a larger size, and forming less of the pungent seertdion. 
1'he bulbs of Lilium pomptmium constitute an important article of food in 
Kami sell atka ; the tubers of Camama esculmta are eaten by the North- 
Aijicrican Indians. The woody roots of Pravema ten'nnnalis ( Cordyline Ti) 
are eaten, roasted, by the Snmhvich Islandera; sugar and fermented liquor 
are likewise prepared from its juice ; its leaves furnish fodder for cattle, as 
do those of tne (frass-tree {Xanthon'h<ra) in Australia; the bases of the 
young loaves and the heart of the buds of the latter are sometimes used as 
esculent vegetables. The table Asparagus consists of the very young 
annual shoots (fttriones) of Asparatpts ojffinnnKsy rendered succulent by 
cultivation. Astringent resins are obtained from some kinds : Practma 
PrarOf the Dragon-tree of Tenerifle, yields tbe true Dragon’s Blood, for- 
merly much used in medicine, but now seldom met wdth, the resin of 
Ptvrorarjms (Leguminosm) being substituted. Xanfhon'hmq arhorea yields 
Botany-Bay Gum, which is yellow, pungent, and smells like Benzoin when 
burnt. Phormium tefwxis the New-Zealand Flax plant ; the fibre of the 
leaves is verv tenacious, as is that of various species of Sansevieray known 
as African lleinp and Bowstring Hemp in Africa and the East Indies. 
Active properties and uses are attributed to many other less-known spe- 
cies. A gieat number of liiliacere, hardy and tender, ornament our gardens 
and sttives, as will be recognized from Die list given above. Polianthes 
ttfherosa is the Tuberose, celebrated for its fragrance. The Butcher’s 
Broom (Pmetts axulratm) is remarkable for its foliaceous peduncles (fig. 
4rU) and really almost leafl(?8s stems ; and the fully developed flowering- 
stem of Asparagus has only needle-shaped branches simulating leaves. 


Order CXLIV. MELANTHACE-®.,;, The Colchicum 

Order- 

Class, Coronaricse, JSndl. All, Liliales, Lindl, Coh, Liliales, 
Benth, et Hook, 

506. Diagnosis , — ^Herbs with bulbotiB, tuberous, or fibrous roots, 
regular 6-merou8 and G-androus flowers, the 6-parted pctoloid or 
green perianth free (or nearly so) from the 3-celIed ovary ; 3 more 
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or less distinct styles, and extrorso adnatc anthers ; capsule S-valved, 
septicidol, or sometimes loculicidal ; seeds with a membranous testa ; 
the embryo minute, in fleshy or horny albumen. 

Illusthative Genera. 

Tofieldia, Huth. Melanthium, i. Biilbocodium, X. 

Asajrrica, LitulL Uvubiria, L, Colchicum, Tounief, 

Veratriim, Toumef, 

Affinities. — This Order stands very near to Liliaeofc and to .Tnneacea) : 
from both there is a freneral distinction in the (‘xtVorso aiilh(.*rs and 
the senticidally tripartible capsule ; but ueitlii^r of these characters is ab- 
solutely ^reneral. The position of the aiitluTS must b(i examined in the 
biul, as they becronie disarriin^ed by tluiir wtiijrht and dehisceu(;e in the 
open flower. Vndaria luis a loculicidal capsule and unihai styles, and 
thus approaches Liliact^^e through Erifthronium ; while Streptopm and I)i~ 
sporum approach in character to Sniihu*eie, having a baccate fruit, and the 
latter arrow-shaped iiuthtu’s somewhat like Paris. Cotchicani resembles 
in habit among tlie [ridace?e. and Sfenibt*rt/ia ainoiig tlie Aniar^- 

has introrse 'anther^ and appn)af dies T)OtIi 

fn tins Kispect and its habit; but its pods ai*c stjpticidal. 

Distribution. — A considerable group, geniTally dillusiid ; most ahiiiidant 
ill Kurope, N. America, and N. Asia. 

Qualities and Uses. — More or less^ poisonous, w-ith acrid, purgative, 
em(‘tic, and sometimes narcotic action ; several of the more active spt^cies 
yield valuable medicines. Of Colvhicmn antamnale, called Meadow Saf- 
fron or Autumn Oroems, both the conns and seeds are very active ; Kwo- 
trum aUatnij White Ilellebon?, V. nujrum^ V. SiihadWa^ f\ mride (N. Anu?- 
rica), Asaprcpa officinalh (Sabadilla or Cevadiila of Mexico), all share th(i 
acrid narcotic qualities, poisonous or medicinal, according to the dose. 
Most of the other genera arc suspicious or dangerous, except perhaps 
the Ucularicii (N. America), which are said to be merely astringent. 


Order CXLV. JUNCACEiE. Rushes. 

Class. Coronariem, Efidl. ML Juncales, Lindl. Coh. Lilialcs, 
Benin, et Hook, 

507. Biapnosis. — Grass-like or sedgy herbs, with flbrous roots, or a 
Bubterraiitjous rhizome, with jointed stems, often capitate infloresccuice, 
and a regidar persistent perianth of 0 similar scale-like pieces (fig. 422) ; 
stamens (5, or rarely fl, with introrse anthers ; ovarv 1-8-celled, producing 
a 3-valved, ^‘1- or many-seedod, qf sometimes a 1 -celled and, by suppression, 
1-seeded capsule ; embryo minute, in fleshy or homy albumen. 

Illustrative Genera. 

Luzula, DC. I Juncus, DC. | Narthecium, Maehr. ■ 
Afflnittes. — ^With Juncaceae are included 1^ Lindley a number of 
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genera which are regarded as doubtful, or established as separate Orders 
By some writers, such as AsteUeap^ a group of woolly-leaved epiphytic 
plants of the southern hemisphere, and Kingiea, plants with a stem like 
Xanthorrhwa and a 1-seeded fruit, and some others. The genus Jxmcua 
(Kush) relates the Order to Liliacefe, from which the chief diiierene^ lies 
in tlie habit, the small embryo, and the gluuioid character of the seg- 
ments of both circles of the perianth ; XaHhvcitim (*oimects them ; from 
Xyridacem the latter character di\ides thi?m. approaches the 

I’mms in the character of the llowei-s ; and tliis is associated with Kitufuiy 
w^hich has an arborescitmt habit. The scaJy i)erianth connects them with 
Cyperacero, Ih^stiacem standing between and dillering from the Juncacem 
in triding points wliich will be noted under that Older. 

Distribution. — A considerable gi‘Oup, the members of which are natives 
chiefly of cold or temperate regions ; some occur in tropiwil Australia. 

Qualities and Uses. — Without impoitant properties in most cases. Tho 
leaves of 1 lushes (specries of Jmmt'S) are largely used for making mats, 
cliair- bottoms, &c.; and the panjiichynia or “ pith ” of tlie cylindrical leaves 
and stems was much used until recently for making the wdcks of rush- 
lights ; this substance has a beautiful microscopic sti'ucture, being formed 
of regular stellate cells. 

(XYiiiDACiiL® are sedge-like herbs with eqiiitant leaves sheathing tho 
base of a naked ^cape, wiiich is teiminated by a head of perfect S-androus 
flow’crs, with a gluniact o us calyx, a regular corolla, and extrorae anthers j 
the .‘1-valved, mostly 1-ctdled capsule coutaining several or many ortho- 
tropous seeds, with a minute embrfo at the apex of fleshy albumen. In 
habit these plants approach the Cilumaceous Orders, as Cyperaceu) ; but 
the flowers are petaloid as regards the inner circle of organs, or corolla, 
iic.‘aily approaching CommelynaccfiD, fi-om which they difler in having 
epipetnloiis extrorse stamens, in the scaly calyx, and ^^(?neral habit, 'i’hey 
ore natives of the tropics or adjoining regions. Vanous species of Xyris 
arc used as reuiedies lor cutaneous aflections both in India and America.) 


Order CXLVI. COMMELYNACEiE. «pider-worts. 

Class, Enantiohlostsc, Endl, All, Xyridalos, Lindl, Coh, Commelvnalcs, 
JieiUh, k ^ook, 

608. Diagnosis , — llcibs with fibrous, sometimes thickened roots, jointed 
and often branching leafy stems, and chiefly peiiect and (S-androus, often 
iiTegular flowers, with the perianth free from the S-fl-celled ovaiy, and 
having a distinct green calyx and a coloured corolla, each of 3 parts, the 
calyx persistent j stamens U, all fertile or some abortive, often veiy' peculiar 
in term \ capsule 2-41-celled ; seeds few in a cidl, attached by a linear 
hilum ; embiyo pulley-shaped, remote from the hilum, in dense fleshy 
albumen. 

Illustrathts Genera. 

Commelyna, DHL | Tradescantia, L, 

AiBiiitles, fco.— This Order, to which belongs the garden Spider-wort 
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(Tradeacantia virghiice^, may be regarded iw one of the mupn intermediate 
mtween the Orders with 6-merous glumoid perianth^ like the Juncac£e, 
aM the petaloid forms like Lilhieefe. The jointed solid stems of Tra- 
deacaniita are interesting in regard to the comparative structure of Mono- 
cotyjedonous stems ; they emit roots freely from the nodes like Grasses. 
The hairs of the hluniente of the stamens of Tr. virflimca are classic ob- 
jects to the botanist, from the discover}' in them of the rotation of the 
%11-Bap in non-aqiiatic plants. The rhizomes of Commelyna tuhc^ 

roaaj and others contain starch and mucilage, and are used as food in 
India. Some of the species are said to have medicinal properties. They 
are natives of India, Australia, Africa, and the West Indies — a few of 
North America. Tradeacatdia virginica is hardy in oifr gardens. 


(PoxTEDEiiACE-13 are a small Order of aquatic herbs with perfect 
more or less irregular flowers in a spatlie; the pt^taloid, tl-meroiis 

S eiianth free from the 3-celled ovaiy’ ^ the 3 or (> mostly unequal or 
issimilar stamens inserted in its throat. They are separated from 
Liliaceje chiefly bj' the irregular flowers, tlic persistent perianth rolling 
inwards after flowering, and by the mealy albumen of their seeds. Tliey 
are natives of America, North and South India, and Africa, and do not 
appear to liave any important properties. Some of the Pontedrrtoi are 
ally grown in stoves where there is a tank, on account of their blue or 
ow flowers.) 


(Mayaceje consist of four speciea^of Mayaca, little Moss-like plants 
occurring in America, from Jlrazil to Virginia, st^parated from Comme* 
lynaccte on account of their habit, 1 -celled anthers, 1-celled ovary with 
parietal placentas, and the carpels opposite the inner lobes (petals) of the 
perianth j they have no useful properties.) 


(Gilljekiaceas are a small Order of plants of somewhat anom.alous 
structure, related to Liliacem; they aivi bulbous herbs with spikes of 
flowers which have a double circle of petaloid envelopes, (> or 8 subulate 
processes, then a cup-like or labclloid o^an bearing 3 or 0 anthers on its 
inner surface, and a 3-celled ovary. Lindley regards the petaloid enve- 
lopes and subulate processes all as bracts, and the structure on which the 
anthers are borne as the perianth. Other authors ara opposed to this view. 
Gillieaia, l^indl., and Mieraiaj Lindl., are both Chilian genera.) 


(Philydraceas are herbs with fibrous roots, ensiform leaves with 
equitant bases ; flowers in a persistent spathaceous bract, without a calyx, 
but with a'^-petalouB corolla; 3 coherent stameiis, of which the 2 lateral 
are barren and petaloid, and the middle has a 2-celled anther, the whole 
adherent to the anterior lobe of the^rionth ; the ovary superior, 3-celled, 
with axile placentas ; seeds numerous, with an embrjro in the axis of 
fleshy albumen. This Order consists of two plants, Philydrum lanftgino- 
aum (Australia) and pygmeea (China), exhibiting, with a simerior 

ovaiy; appearances analogous to those in the epigynous group of Orchi- 
dac^ and their allies. Lindley regards them as related to Commel^maeese 
l^>Xyridace8B ; but they woiud appear to be rather a kind of perij^mous 
J&gilieraceas. They have no known uses.) 



PEIALOIBILS. 


38l 


Order CXLVII. ORCHIDACEJ5. Orchids. 

CUm, Qynandrae, EndL AU. Orcbidales, lAndl. Coh, ADiomales, 
Bmth, et Hook. 

509. Diagnosis. — ^Herbs, distinguished by their irregular flowers; 
0-xncrous perianth adherent to the ovary ; stamen (1, or very rarely 
2) gynandrous, pollen cohering in waxy or mealy masses ; ovary 
inferior, placenta^ parietal. 

Character. 

Perianth mostly pctaloid, adherent, in two circles ; the outer circle 
of three piec(js (sepale)^ distinct or more or less coherent below, 
two lateral and one anterior (or posterior when the ovary is 
twisted) ; the inner circle of three pieces {petals), or rarely one, 
alternate with the sepals, two lateral, and one (the lahdlum) pos- 
terior (or, by the twisting of the ovarj”, anterior) (figs. 435 & 4v36), 
usually longer and larger than the others, variously formed, with 


Fig. 430. 



Fig. 435. Flower of Orchis, and 

Fig. Diagmm of ditto; a, a, a, sepals; 5, 5. petals; 5\ labellmn; 5", spur. 
Fig. 437. Clavate pollen-mass and oanoicle of OrM. 


or without appendages, sometimes divided into 3 regions by con- 
tractions, forming hypochilium (at the base), mesochilium, and 
ehilium ; free, or more or less adherent to the column. 

Stamens gynandrous, the filaments confluent with the style into a 
column, bearing mostly 1 perfect anther on the side turned away 
from the labeUum, with 2 lateral processes (abortive anthers), or, 
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rarely, 2 perfect lateral anthers with an abortive process next J^e 
odd sepal ; the pollen pulverulent, or in grains, more or loss cohe- 
rent, or in definite waxy masses which arc free or provided with 
a pedicel or caudiole (fig. 437), which adheres to a gland or glands 
at the apex or rostellum of the stigma. 

Ovary inferior, 1-cellod, with 3 double parietal placentas bearing 
numerous anatropous ovules ; style 1, confluent with the filaments 
into the column, which is surmounted by a 3-merou8, mucous, dis- 
coid stigma facing the labellum, its lobes alternating with the 
linos of placentation ; the lateral lobes usually abortive, but some- 
times forming divergent processes, the odd lobe more or less 
developed into a beak (rostellum') bearing 1 or 2 glands. 

Fruit mostly a capsule bursting by 3 valves, bearing the placentas in 
the middle, separating from the midiibs of the carpels, which re- 
main as an open framework ; rarely a fleshy indchiscent pod ; seeds 
very numerous and extremely small, consisting of a cellular nucleus 
without distinct radicle or plumule, enclosed in a loose membranous 
or rarely crustaceous testa. 


Malaxis, S^oz, 
Dendrobiiim, Sum. 
Epidemdrum, L. 
Oattloya, Lindt. 
Vanda, iZ. Jir. 
Phalienopsis, Bl. 


iLLirSTRATIVK GeNISUA. 

Aiiridcs, Ijonr. 

Oncidium, Sioz. 
Odontoglossiim, H.B.K, 
Stanhopcia, Frost. 
Maxillaria, FI. Per. 
Oatasotum, iBich, 


Orchis, L, 

Ophiys, Sum. 
Vanilla, Sw. 
Epipactis, HaUer. 
Cypripedium; L. 


Afflnltiei. — The compai'ati ve anatomy of this very extensive and curious 
Order forms one of the most interesting subjects in botanical Morphology. 
In the greater part of the genera the ideal Monocotyledonous type is 
departed from in several particulars, os : — in a more or less cimsiderable 
irregularity of the perianth, especially in the condition of the labeUum ; 
in the circumstance that the filaments are confounded with the style into 
a centi'al organ, prolonged fram the inferior ovary, called the column^ and 
that generally 2 out of (at lea<>t) 8 anthers are aWtive, while the pollen 
is fre(]^uently less developed than usual, the process oi subdivision into 
distinct cells* or granules being arrested, so that it remains in compound 
mosses of various degrees of magnitude and of more or less firm ana even 
waxy consistence. In some cases, however, the perianth is almost 
regular, so as to resemble that of some of the genera of Iridacesa ; and in 
Cypripedmm wc find 2 anthem developed and only 1 abortive. Among 
the other remarkable peculiarities of the structure are processes of various 
kinds occurring upon the column and labellum, which there is reason to 
regard as indications of abortions of staminal organs. These have given 
rise to the opinion that the elements of 2 circles of stamens exist in tibis' 
Order, of which 5 are usually suppressed, the perfect one belonging to an 
external circle of 3, while in Cypripedium the 2 which are developed are 
members of the inner circle of 3, one of which, with the entire outer 
circle, ia abortive. This view is supported hy numerous exceptional 
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instances, in which sdnie or all of the ordinarily suppressed stamens are 
present, and by the anatomical construction, which reveals the existence 
of ns many bundles of vascular tissue in the column and ovary as tliere 
are stamens and carpels. The suppression of 2 out of 3 stamens connects 
this Order with Marnntacoaa ana Zingiberacea^, where the same phe.no- 
menon exists in a different modification, as mentioned under tljnge Oi-dt^rs ; 
the Apostasiaceie have 2 stamens only, with their filaments adhering to 
the lower part of the style. The ovary is apparently formed of 3 carpels, 
with the stigmas simple!^, since, they altemato with the placentas : Lind ley 
supposes the ovary to be formed of 0 carpels, 8 fertile and 3 barren ; but 
this seems contrary to analogy and without sufficient independent sup- 
port; in Apostasiaaeae, Maraiitncem, and Zingiheracem the ovary is 3- 
celled, or sometimes imperfectly so in the last, from the margins not 
meciting in the centwj. The seeds, w'hich am vciv minute, are qf simple 
organization ; tire ovules, at the time of fertilization, consist solely of an 
embryo-sac with 2 integuments ; and the ripe seed presents an embryo 
devoid of distinct organs ((cotyledon and radichOy enclosed in a loose 
testa — in this respect exhibiting a relationship to Bunuanniacem. 

The labellum someliines exhibits irritability, moving spontaneously or * 
when touched {Megadunmn^ BolhaphyUum^ &c.) : its forms are most varied 
and strangt', often causing the entire flower to resemble an insect or 
some other living object. The rostellum and stalk of the pollen -masses 
are also endowed with contractile properties. In Catmetum these are ft 
powerful as to cause the sudden lorcihh* ejtjction of the pollen-masses 
from the anther-cells, when the rostellum or other sensitive organ is 
touched, ns by the proboscis of an insect. Insects visiting orchid flowers, 
for the sake of the honev in the spur or nectary, come into contact witli 
the rostellum, and thus liberate the pollen-masses. * These latter adhere 
finnly to the insect's hack by means of, the gland at the end of the stalk, 
so tliat th(? pollen -mass is coi.veyed to another flower. It must, how- 
ever, be remarked that if the pollen-mass retained the nearly verticjal direc- 
tion it had on its exit from the anther, it would, when introduced by the 
insect into another flower, strike against the anther, and not against the 
stigma. In order to place the pollen in such a position that it shall 
impinge on the stigma, the caudicle or stalk of the pollen-mass contracts 
so as to give the pollen-mass the requisite horizontal direction. This 
movement can readily be seen by thrusting the point of a pencil into a 
flower against the rostellum, when the polLen-mnsses will adhere to the 
pencil, and may he withdrawn' from the anther-case, and, if wq^hed, will 
oe seen to bend dowmwards, in the manner just described, immediately 
after their removal from the anther. These movements will be again 
alluded to in the physiological portion of this work. 

Two extremely distinct fornis of the perianth sometimes present them- 
selves on the same flower-spike, so that the same species has received tWo 
specific titles, and even three distinct ^neric names : — e. g,, Mtmachan^ 
thus, Myanthusj and Catasdum, now all included in the last named genus, 
and Cycnoches ventricttsuni and now known to be forms of 

one and the same species. This was considered a most anomalous circum- 
stoce till it was shown by Darwin that the different forms n»pre8i?nted 
difSsrent sexes, the male flowers being different from the femme. The 
Orchidacem axe terrestrial in temperate climates, forming subterraneous 
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tubers (§ 49)or tuberously enlarged fibrous roots, from which the flowering- 
stem shoots up afresh every season. In warm and moist climates they ai’e 
very frequency epiphytic, hanging on the branches of trees, or even 
attaching themselves to rocks and other foreign objects. These kinds 
generally form some kind of stem-tuber, either from the lower intemodes 
of the axis which has just flowered, or of a new axis, sometimes from the 
whole of the internodes of a long jointed leafy axis, &c. The roots which 
han^ down from them are soft and delicate at the apex ; and the epi- 
thelial cells exdiibit spiral-fibrous thickening of a peculiar kind. 

Dlstrllmtlon. — Orchids are very numerous, and occur in almost all parts 
of the globe, except the very coldest, or in very dry regions. In temperate 
climates they occur chiefly in shady woods, damp postures, or open cal- 
careous downs i but they are most abundant in damp situations in the 
tropics. 

Qualities and Uses. — The properties of these plants are generally un- 
important. The subterranean tubers of some form nutritious food, from 
the presence • of a gummy substance : that of a native species, Orchis 
mascida^ was formerly collected and sold for the preparation of Salm) ; and 
other kinds are eaten in India. Some of the South- American yield a kind 
of vegetable glue; Aplectrum hyemale, the Nortli-American Vutty-root, is 
used for making a cement for china. The most important plants, perhaps, 
are VaniUa planifdia and other species, and a species of Sohraliuj the 
dried pulpy pods of which furnish the Vanilla usea for flavouring choco- 
late and confectionary. A few others are described as having medicinal 
properties of various kinds. 

(AposTASiACEiB is a small Order of perennial herbs nearly related to 
OrcliidacesB, bearing a regular perianth and 2 or ii stamens which are con- 
fluent by their filaments with the lower part of the style (the anthers 
free), forming a kind of column, prolonged above into a filiform process 
with a 3-lobed stigma ; ovary 3-cmled, with axile many-seeded placentas ; 
seeds apparently as in Orchidaceas. These plants dilfer from Orchids chiefly 
in the free condition of the upper part of tlie style, and the ’3-celled ovary; 
but as the latter character is inconstant in some Moiiocotyledonous Orders, 
probably this Order should be united with Orchidacem : they are near to 
Burmanniacem idso ; but that Order has free stamens. Lindley regards 
this Order as connecting Orchidacm with Amaryllidacem through Hypox- 
idacem. They are natives of damp woods in tropical India, and are 
without known properties. Genera : Aposttma, BL, &c.). 

(Burmanntacejb are small annual herbs, often with minute and scale- 
like leaves, or those near the root grass-like ; the flowers perfect, with a 6- 
cleft petaloid perianth, the tube of which adheres to tue 1 -celled or 3- 
celled ovaiy ; stamens 3, distinct, introrso, and opposite the inner segments 
of the perianth, or 6 and extrors^; stigmas 3 ; capsule many-seeded ; the 
seeds very minute, with a homogeneous nucleus in a loose membranous testa. 
Natives of the tropics of America, Africa, and Asia. Some are probably para- 
sitical. ^ The affinities of these plants are rather obscure; they apparently 
apee with Iridacem in the character of the flowers, but diiTer in tno posi- 
tmn and number of the stamens ; while, by the seeds resembling those of 
Orchidaceoe, they form a connecting link between these two Orders. They 
are said to be oitter and astringent, but are unimportant in these re- 
spects. Genera : Burmannia, L. ; Ihianm, Giiffi, &c.) 
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Order CXLVIII. ZINGIBERACE-®. The Ginger Order. 

Clasi, ScitamincR); Endl, AU, AmomaleS; Lindl, Coh. Amomales, 
lienth. et Hooh 

510. Diagnosis. — ^Herbaceous plants with a creeping rhizome; 
leaves broad, with a sheathing petiole, and numeroust|)ariillel veins 
diverging from a midrib ; flowers spiked or racemose, with spatha- 
ccous membrfinoi^^ bracts ; perianth adherent, irregular, in three 
circles of three i)arts, one petal being larger in each of the two inner 
circles ; stamcjjs 3, distinct, 2 abortive, and tlie fertile one posterior, 
oj)po8ite the labeUiim or huge segment of the innermost perianthial 
whorl ; anther 2-celled ; ovary 3-celled, or 'with the dissepiments 
iippcrfect ; seeds numerous, with the embryo in a sac (yiteUtis) within 

the albumen. 

•* 

Illustrative Genera. 

Zingiber, Gc?Hn. Iledychium, Koenig. I Costus, L. 

Amomum, L. Alpinia, L. | 

Affinities. — This Order is nciarly related to ^farantaccee, Orchidacem, and 
the allied Orders, but may always be distinguished by the only fertile 
• stamen btdiig situated next tb(5 axis (posterior), not next the bract (an- 
terior) as it is in Orchidaceaj (befoiti the ovary becomes twisted), or 
lateral as it is in Marantacem ; the ovary is usually 3-celled, like that of 
Marantaceai, but the embryo is contained in a special sac or vitellus, 
which is not present in th(j*seeds of either Marants or Orchids. 

■ Distribution. — A large Order, consisting mostly of tropical plants ; the 
greater part East-Indiiin, but a few occuning in America, in Alrica, and 
in Japan. 

Qualities and Uses. — Kemarkable for the pleasant aromatic and stimu- 
lant qualities of the rhizomes and the seeds of many kinds; some ore 
astringent, many yield starch, and some colouring-matters. 

Ginger is the rhizome of Zinyil^r offipinak ; preserved ginger is mnd(j 
from the younger parts of the rhizomes. Cardamom seeds are obtained 
from Amormim .Cardamomum (Hound Cardamoms), A, angnstifolimi 
(Madagascar Caiflamoms), A. maximun}, A, aroniaticunif Mettarid major 
(Ceylon), and -B. CVirc/ffWiowmm (Malabar). Turmeric consists of the yellow- 
coloured rhizomes of Ourenma lonya ; the staitshy rhizomes of some East- 
Indian species of Curcuma furnish An;ow-root. Galangale-root, which 
has properties resembling those of Ginger, consists of the rhizomes of 
Alpinia Galanga and ropo^nosa ; Zedoary, of those of Curcuma Zedoana 
and Zerumhet. Amonnmi Grcma Paradisi yields the Grains of Paradise, 
used os stimulants, and also for giving pungency to spirits and beer. 
Many of the species have very beautiful blossoms, and are cultivated in 
stoves on that account. The bright colouring is found sometimes in the 
bracts, sometimes in Ibe perianth, as in HedyclUum corbnairiam. 
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Order CXLIX. MARANTACISjE. The Arrow-root 
Order. 

Class, Scitaminem, Emil. All, Amomales, Linidl, Coh. Amomales, 
Bmih, et Hook, 

511. Dlngmsis. — ^Herbaceous ])lants with creeping rhizomes, rc- 
Bcmbling Ziffgiboraccac in liabit, but with the pcnaiith more irre- 
gular, and the inner segments often abortive ; the 3 stamens peta- 
loid, 2 barren, and 1 lateral fertile 2-lobed, with a 1- (2 ?)-celled 
anther on one of its lobes ; ovaiy inferior, 1-3-celled, with numerous 
albuminous seeds ; embryo not enclosed in any special sac. 

Illu str Axme G kneh a . 

Marauta, Phmi. | Cauiia, L. 

AfSnlties. — ^The aiHnities ore those of Zingiberacoie, from wliicli this 
Order is separated by the place of its fertile staiii(.*n (labinil) and In* the 
absence of a vitelliis or special sac round the embryo. If we as8iiin(5 tht*. 
Orcliidiicete, as meutioiied under that Order, to have the rudiments of a 
double series of stamens, the rdations of Orcliidacea*, Zingibcrace.'c, and 
Maxanlace® are very close, and yet their distinctions very clear (fig. 4:18) . 


Fig. 4,38. 



Diiifprams of the floverH of Marantaoe» (M), Zinfribrnioeic (Z), and Orehidaeeie (O). Tlie 
Boiall Ofien circles urc fertile staiiiuiis ; the black dots ahoRivo stamens ; the black dots 
^'ith the broad line scored through are jietodoid stumeus. 

Orcltidaceoi, with a double perianth, and two circles of stamens, have 
the fuiterior stamen (belonging to the outer circle) developed, tlie rest 
abortive, or present in the form of horns, ridges, &c. (0) ; or, in Ctfpn- 
pedium, they have the 2 lateral stamens of the inner circle developed, the 
anterior and all those of the outer circle abortive. ^ 

Zmqiberacefp^ with a double perianth, have the odter circle of stamens 
petaloid forming a third perianthial cirde, the odd (ft^rior) stamen 
of the inner circle developed, the 2 lateral abortive (Z). 

J^arantaceas^ with a double perianth, have the outer circle of stamens 
’lliore or less developed in a petaloid form, as a third perianthial circle, and 
jttbe lateral stamen of the inner circle fertile — ^the other lateral stamen, with 
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the posterior one, being abortive (M). Dr. Dickie has lately shown that 
the anther of Cawna is in reality 2-celled. 

Distribution. — ^The species ai‘e numerous, and natives chiefly of tropical 
America, Africa, and India. 

QuaUties and Uses.— The abundance of pure starch furnished by the 
rhixuiiu^s of many species constitutes the principal feature of the Maran- 
taceic consid(*ivd from an economical point of view. True Arrow-root is 
ob taint'd from Maranta arundmaoea^ Alloinfia, and nohilis (West Indies), 
and M. ramomsima (East Indies). Tons-les-Mois is derived fram specb^s 
of Canna, probably C. coccinea, AehiroHf edulky &c. Camui indica is called 
‘‘ Indian shot from its beautifully spherical seeds. Some of the species 
are cultivated in our slov<?s. ^rtuiy of the species of Calatkca and Maranta 
have beautifully coloured foliage. 


OuDER CL. MUSACILE. Bananas. 

Class. Scitaminea), Endl, AH. Amomales, Lindl. . Coh. Amomalcs, 
lienth. tit Hook. 

/312. IHatjnosis . — Tjarge Lerbaceous plants with long sheathing petioles^ 
forming a spurious stem ; leaves large, with a strong midrib and parallel 
later^d vt'iiis ; dowers enclosed iuaspatlit', liermnphroditc ; periantli more 
or h‘.ss irregular, adherent, petaloid, m two o-merous rows ; stamens 0, on 
the segments of tlio perianth, some ahvays abortive ; anthers 2-celled ; 
ovary ^-celled, inany-secdod, or rarely 3-soeded ,• fruit a capsule or suc- 
cuhiiit and indchiscent embryo at the end of albumen. 

iLLUSTiiATTVE GeNEBA. 

Ilelicoiiia, L. | Musa, Toumef. | Strclitzia, Banks. | Eavenala, Adans, 

Affinities. — With certain well-mniked dillbrences, these plants approach 
in some degree to the Murantacem and Zingiberacees in habit, especiady 
in the chai'acter of the foliage, but the Musacese have 5 or 0 more or less 
perfect stamens and no staminodes ; fi*om the Amaryllidacete, which they 
resemble in the epigyiioiis Jiexaudrous structme, they differ in the ir- 
regular flowers, the ^ucral habit, and the character of the Wets or 
spofthes. 0 

Distribution. — ^A small Order, the species of which are generally dif- 
fus(;d, wild or in culture, iu the plains of the tropics, Cape of Good 
Hope, &c. 

Qualities and Uses. — These plants ore most valuable as sources of food and 
fibrous materials. Musa paradisiaca, the Plantain, and Mfisa sapientmn, 
the Dauana, ara plants bearing gigantic leaves on long petioles, the im- 
bricated sheaths of which form a pseudo-stem many feet high. They 
produce large clusters of pulpy fruit containing much sugar and starch, 
which form a very important article of food in the tropics. Several other 
species of Musa yield similar fruits. The leaves are W thatching 
huts, or split up for plaited work of all kinds. The fihto .of the petioles 
is a valuaUe material, especially that of Missa textUiSf which is known as 



388 


SYSTEMATIC BOTANY. 


IVTaninii. Hemp. The young shoots are also eaten boiled. Ravenala 
speoiosa has an edible seed ; a quantity of watery juice exudes from its 
petioles when cut, whence it has been called Arbre du myagmr, Stre^ 
Utsia is a genus with very handsome flowers, several species of which, as 
^so of Mma, arc often cultivated in stoves. 


Order CLI. AMARYLLIDACEiE. Amaryllids. 

CUm, Ensatfe, Endl. All, Narcissales, LinM, Coh, Iridales, Benth, et 

Sook, r 


513. hiafpwsh , — Chiefly bulbous and scape-bearing herbs, not 
scurfy or woolly, with linear flat root-leaves, and perfect, regular (or 
nearly so), (5-androua flowers ; perianth petaloid, G-parted, its tube 
adherent to the 3-cclled ovary ; the segments of the limb imbricated 
ill aestivation ; anthers introrse ; fruit a ii-valved, loculicidal capsule 
or a 1 -3-seeded berry ; seeds with fleshy or homy albumen ; radicle 
turned to the hilum. 

IlIusthativk Genera. 


Tiibe 1. AMARYLLEiE. BvHhom 
plants, without a eoromi. 

Galanthus, L, 

Amaryllis, X. 

Tribe 2. NAiicissEiE. Bidhms 
plants, with a coronet in the periaM., 
Pancratium, X. 

Narcissus, X. 

Tribe 3. ALSTROSMEBIEjB. XV- 


hrom-roated; sejudsunliJce the petals ; 
no coronet. 

Alstroemeria, X. 

Tribe 4. Agavka^. Fibro^is-^rooU 
ed: sepals and petals alike j vatoatein 
oistioation : no coronet. 

Agave, X, 

Fourcroya, Vent. 


Affinities. — ^This opigynous Order contrasts with the hypogynous Tdli- 
acoffi ; among its epigynous alli(»^», Iridaceaj are distiiigiiislnHl by their 3 
stamens and extrorse "anthers : its nearest allies we Ihemodoracem and 
and TlypoxidaceiB, the characters of which we given below. The coronet 
of the Narcissece is sometimes regarded as a circle of abortive stamens, 
but is more probably an outgrowth from the tube of the perianth. 

Distribution.—^ large Order, the species of which are generally diflusod, 
but, like Iridace£e,have their maximmn at the Cape of Good Hope. The 
Narcissew arc common*- in Europe, while the genera unprovided with a 
coronet ai*o very rare in Europe and North America, but abound in South 
Africa. 

QuaUties and Uses. — ^The Amaryllidacefie are commonly characterized 
by active properties, the Amarylleee and the Narcme^ esnccially lieing 
emetic and purgative, and (jven poisonous ; the juice or the bulb of 
ioxicarius is used by the iFIottentots to poison arrows. 
The ftow-drop (Galanthus mver/ts), Snow-flake (Leueqjum remww), the 
DajjbiSl Pse%tdo^Narvissm)f with the other cultivated Narcissi, 

B^cratimn marUimum, &c. aid; as emetics. Others we astringent \ but 
starch is washed from the roots of some species of AlstrcEmieria. The 
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Agaves are exceedingly valuable plants^ having abundant innocuous sac- 
charine sap, and large leaves containing ex(;ellent fibre. Agave americatut^ 
called by mistake the American Aloe, is the Hundred-}Vars plant \ but 
the stattiineiit that it lives 100 years nefore flowering is tabuloiis ; it is 
a native of America, but is natui^ized in some parts of 8. Europe, and is 
planted, on account of its large spiny leaves, to form fences. Erom this 
and other species is obtained PiU thread, a valuable fibre ; Pulque (a 
fermented liquor) tuid a brandy distilled from this are made by cutting 
the buds out of ^//ffre-plauts and collecting the sap, which (exudes in great 
abundance when this operation is performed just before the flowering 
stem is pushed out^ these plants are also called Maguey-plants. This 
Order aiiords a number, of beautiM flowers, more permanent than Irida- 
ceo}, and often attaining a vciy largo size. Most of them are annual 
flowerers ; but the Aguveoe, having remarkable foliage, like that of the 
Aloes in Liliacea^, produce fioweiing stems (sometimes many feet in 
height) after vegetating for a number of years, whence the story of the 
Hundred-years Aloe. Stembergia lutea is supposed to be the Lily of the 
fields referred to by Chiist. 

(IIyi*oxida('e^ are a small Order of epigynous Monocotyledons, nearly 
related to Amaryllidac(‘ffi, but diiienng ii| their habit, having hairy 
foliage and no bulbs, and in their usually strophiolate seeds having the 
radicle next the hil uni. The 6 stamens, the imbiic^ted, distinctly petaloid 
p(‘rianth, and the habit of the foliage separate them from Iridacece. They 
occur scattered in the warmer parts of the globe, and are apparently more 
or less bitter and aromatic. The tubers of some are eaten. Genera : Owr- 
Gaertn. ; Fot^hcsia, Eckl.j ligpojcis, L. •, iSaurtdiajllBxy,) 

(IIjkmodohacm are herbs with fibrous roots, usually equitant leaves, 
and peiiect iMi-androus regular flowers, which are woolly or scurfy 
outside ; the tube of the 0-parted perianth adherent to the whole surface, 
or meridy to the lower part of the Jl-celled ovary ; anthers introrse ; sta- 
mens opposite the peUils when seeds with cartilaginous albumen; 
radicle remote from the hilum. The structure of the genera included in 
this Order is rather irregular; from Amaryllidaceio they are usually 
distinguished by the woolly tubular perianth, the eo^uitant leaves, and, in 
some cases, by the stamens ; but none of these characters are without 
exception: from Iridaceai the tiiandrous genera difier in the stamens 
being introrse and opposite the petals, which hut chaiycter also separates 
them from Ijtypoxiaaceae. The radicle is said to be remote from the 
hilum, as in Hypoxids ; while it is next it in Amaryllids and Irids. The 
VeUmce and Barhaccaue are more or less arborescent, and in some degree 
branched, especially the formerj which have a very remarkable aspect ; 
in many respects they approach Bromeliads. The plants are natives of 
America, the Cape, and Austrcdia*, and have sometimes bitter and astrin- 
gent properties, as Aktris farinosa. The roots often contain a red matter 
available as a dye, whence the name of Blood-roots ; Jkuihm'tUihes tmctoria 
is used in America. The roots of several species of Htemodorum are eaten, 
roasted, by the natives of Australia. Genera ; Heemodorumy Sm. ; Aktrisy 
L. ; Vellosta, Mart. ; Barbacema, Vandelli.) 
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Order CLII. IRIDACE-®. The Flag Order. 

Class, Ensatac. Emil, AH, Narcissales, LimIL Coh, Iridalos, Benth, ct 

Hook. 

514. Diagnosis . — Herbs with bulbs, conns, or rhizomes, cquitant 
2-rankc(l Icjivos, and porfe(;t, regular or irrt'gular flowers ; tlui seg- 
ments of the ()-j)art(Ml petaloid perianth (fig. 4 jVj) convolute in the bud 
ill 2 circles ; the tube adherent to the 3-ccllcd, ovary ; stamens 3, 


Fur. 4;i0. Fig. 440. 



Fij;. 139. Vortical wot.ion of Uic flower of Jrw: a, iiiA'rior ovary. 

Kij;. 4'I0. Sti|;rniiH of Cntcv*. 

Fig. 441. Fruit of Irh burat. 

Fig. 4 lL*. Plan of ditto. 

Fig. 443. Section of seed of Jn>. 

distinct or monadclphous ; anthers extrorsc; style 1; stigmas 3 
(fig. 440), often petaloid {Iris') ; capsule JJ-valved, loculicidal (figs. 
441 & 442) ; seeds with horny or hard fleshy albumen (fig. 443). 

Illustrative Genera. 

Iris, X. Gladiolus, Tvumef. Crocus, Toumef. 

Tigridia, Juss, Iida, L, 

AflOnities. — Among the epigynous petaloid Monocotyledons, the Iii- 
daceao approach, by genera like Crocus, the Amaryllidacem, 'which, how- 
ever, have 0 introrse stamens. The same character separates the epigynous 
Bromeliacem, which have some aflinity with this family; Orchidacecc 
^ijpSbr in the gynandrous structure ; Marantaceso and Zingiberacem in their 
Aionandrous state, as also in the character of their foliage. The little 
{^Qider Burmanniacea) resembles Iridacem in many particulars, but differs 
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in some essential points mentioned under that Order; and this is the case 
also with Xyridacese. 

Distribution. — A large Order, diffused throughout temperate and warm 
climates, but especially abimdant at the Capo of Good Hope. 

QualitioB and Uses. — sap of many of these plants is more or less 
a(?rid, piirg{itiv(i, or emetic, astnat of the hlags (Jm) generally, Fermna, 
Sisifrinnhmnij &c. Saffron consists of the stigmas of the Saffron Crocus 
( C. fiotivus) and of C. ofhnifi (Sicily). Orris-root, used in perfumery, is the 
rhizome of Iris fformfina. . The genera of this Order contribute a large 
share to our collections of garden-bulbs, as will be recognized from the 
plants alr(Wi(ly nanud ; they are more remarhable for their beautiful but 
transh^nt flowers than for any useful quality ; the corms and rhizomes of 
some are said to b(; eaten, on account of the starch they contain, by the 
Hottentots and othiir races. 


Order GLUT. BROMELTACE^. The Pine-apple 
Order. 

Class. Ensatfc, Faill. All. Narcissales, Lindl. Coh. Iridales 
licnth. 

515. Dimpiosis , — 1 lorhs (or scarcely woody planti^, nearly all tropical, 
the gi’eater ])art cpi]diyU!s, with persistent dry or fleshy and channelled 
ci'owded leaves, slieiitlling at the btisos, usually covered or banded with 
scui-fy scales ; perianth free or adherent, in two circles, the outer (sepals) 
often* coherent, and diflerently coloured from the inner (petals), wliich 
are distinct and imhncjited ; stamens G ; ovary S-celled, with numerous- 
ovules on axile placentas; style single; stigma 3-lobed or entire, often 
twistf'd ; seeds numerous, with a minute embryo in the base of mealy 
albumen : the radicle next the hiluin. 

Illitstuativb Genera. 

Ananassa, LintlL ^Iclimea, F. 1\ Pitcaimia, HMt. 

Bromclia, L. Billbergia, Thunh. Tillandsia, L. 

Afilnlties. — Among the Bromeliacero are found both epigynoiis and 
hypogynous genera, as well as forms with a partially adherent perianth ; 
oil tlie whole, the tendency is to the former condition, whence the Order 
must be regarded as an ally of Amaryllidacem, from which it differs in 
habit and in the mealy ^bumen ; from Tridaee^ it differs in these parti- 
culars and in the G-androus stamens, while the style and stigma are 
somewhat similar. The (jharacter of the habit, and the often distinctly 
characterized calyx and corolla, offer a resemblance to Hydrocharidacese, 
which, however, have exalbiiminous seeds. The fruit vanes much in this 
Order, being commonly capsular; but in Ananassa the entire spike of 
inflorescence, togetlier with the stem, becomes blended into a succulent 
sorosis (§ 290), the well-known Pine-apple. The scurfy epidermis of the^ 
leaves displays a very interesting microscopic structure. 

Distribution. — A considerable group, the members of which are, for the 
most part, natives of tropical America ; but some are now naturalized in 
West Africa and the East Indies. 
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QualltleB and Uses. — Chiefly important for the fruit of AnanoMa, fibres, 
colouring-matters, and other economic products. Bromelia Pbijiuin is 
used as a vermifuge in the West Indies. Many of these plants grow 
upon the branches of trees (epiphytic), and they appear to be capable of 
obtaining the greater part of their nourishment from the atmosphere ; 
their rigid, tough epidermis enables tlieir succulent loaves to withstand 
the influence of a hot and dry atmosphere. TiUandsia umeoiden, called 
Old-Man’s Beard, is a common plant, fanning a dense mass of dark-co- 
loured fibres, which hang down from the boughs of the trees of the forests 
of ti’opical America, as Lichens do in colder climates. Most of the 
genera have brilliantly coloured flowers, sometimes m tall racemes and 
panicles, whence they are much esteemed as ornamental stove-plants. 


Order CLIV. HYDROCHARTDACE^. 

C^ass, Ensatce, JSndl, AU. Ilydrales, LitidL Coh. Ilydrales, Benth. et 

Hook, 

610. THatjnosh . — ^Aquatic herbs, with dioecious or polygamous regular 
fiowers issuing from a snathe on the end of scapo-like pcjduncles ; floral 
envelopes in a single or double cirale, in the fertile flowers united into a 
tube and adherent to the 1-0-celled o^'a^y; placenta parietal; seeds 
without albumeii. 


Illxtstrativb Genera. 

Udora, Nutt, Stratiotos, L, 

Vallisneria, Mich, llydrocharis, L, 

Affinities.— The sum or combination of the characters of this interesting 
Order keeps it apart from all other Monocotyledons, while the characters 
taken separately connect it with many. The inferior ovaiy and,in the case of 
StmtiotcH, the habit connect them with Bromeliacese ; the 3-meroiis peta- 
loid flower and exalbuminous seeds with Alismacese ; the 3-merous petaloid 
flower and 3-carpellary ovary with the Commelynaceae, which, however, 
with a superior ovaiy, like the Alisniacete, have "albuminous seeds. The 
inferior ovary, numerous seeds, and general characters remove them from 
Naiadnceie, with which they are often associated by habit, and the Ara- 
ceai, with which some would connect them ; their spatho is scarcely more 
Araceous than that of Amaryllidaceae. VMmciia and Ehdea (Anadm- 
ris) are plants well known to microscopists for the favourable opportunities 
they ofler of examining the rotation of the protoplasm of the cells. Hydros 
chariSf a plant somewhat like a miniature Water-lily, is common in fresh- 
water ditches; and its sepals and rootlets are equally adapted for the micTo- 
acopic investigation of living tissues. Blodm cmiadmsis is the American 
Watei^weed, which has increased so rapidly in our canals and ditches 
.since its introduction from America some years since. 

Dlstiibatloii. — The species are not numerous ; they are found in fresh 
water in Europe, N. America, E. Indies, and New Holland. 

QuoUtieB and Uses. — ^They appear to have no very active properties. 
Hydroeharis is said to be astringent 
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Order CLV. ALISMACEiE. 


ClasR, llclobiu), Endl, AU. Alismalcs, Lindl, Coh. Alismales, 
Bmtlu et Hook. 


517. Diagnom. — Marsh -herbs, mostly with broad pe- 
tiolate leaves and scape-liko flowering stems ; flowers 
pcsrfect or monceciousywith a double perianth, consisting 
either of a green calyx and a coloured deciduous corolla, 
or of 2 circles of grt>eu sc»des, each of 3 pieces (fig. 444) ; 
ovaries 3, G, or numerous, more or less distinct, and 
separating into as many nuts ; seeds campjdotropoiis or 
anatropous ; embryo doubled, hook-shaped, or straight, 
without albumen. 


Illustbative Genera. 


Fig. 444. 



a*/ 

Plan of flower of 
Triglochin . : braet , 


Subord. 1. JuNCAaiNKJE. 7W- 
onih mibj; (mthcra alwai/s e:€trorse; 
ovule inveHed; emhryo straight. 

Triglochin, L. 

SeheiK^hzeina, Z. 

Subord. 2. Alismeje. Internal 
eirele of the perianth coUmred ; ovules 
solitary or twin; omde and cnr*hrt/o 
earced. 

Alisma, Jms. 


Actinocarpus, R, Br. 
Sagittaria, Z. 

Subord. 3. Buto^te.®. Internal 
circle of perianth coUmred; ovules 
numerous all over the inner suffaee of 
the caipels : emhryo curved, 
Biitomiis, Ttmmef, 
Limnocharis, H, ^ B, 


Rflflnlties, — The AlismeathenT considemble resemblance to the Dicoty- 
ledonous Oixler iianunciilacecc, while Butomeve have been compared with 
the Nymphttjacere on account of the curious placentation ; but there is 
hardly any real relationship in this latter case. On the other hand, the 
Alismeoi have some similarity to the Commelvnace®, from which they 
arcj separated by the exalbiiminous seed. This structure of the seed 
agrees with that of Naiadacece, with which this Order is connected by the 
Junvagineoi, Scluucltzeria in this last division approaches Juncaceae. 

DisMbution. — ^A small group, the members of which inhabit marshy 
localities in all parts of the world ; most abundant, perhaps, in temperate 
climates. 

Qualities and Uses. — ^An acrid property is common in the foliage and 
in the rhizomes, but the latter are sometimes fleshy and farinaceous, and 
then may be eaten after the acridity is removed by cooking. Sagittaria 
sinensis is cultivated for food in Chinas Many are very hanasome aquatic 
plants and are cultivated for the sake of their flowers. 
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Ordek CLVI. NATjVDACE^E. The Pond-weeb Order. 

Clagt. Fluvialca, Emil. All. Tlydralep, ImIU. Goh. Alismalcs, 
Benilu et Ilimh. 

618. Diatjmsis , — Immersed aquatic plants, with 
jointed stems and slioathin^f stipules wdthin tho 
petioles, or with sheathing bases to the leaves; 
inconspicuous, monoemons, dioecious, or perfect 
flowers, which are naked or have a free, scale-like 
perianth ; tlie ovaries solitary or 2-4 and distinct, 
l-cellcd, 1-oviiled; seed exalhiiminous ; embryo 
straight or curved (fig. 446), witli a thin mem- 
branous testa. 

lLLUSTnATT\TR fiKNEnA. 

Cfliilinia, IVilM, lliippia, i. Onvirandra, Thourtrs. 

Naias, Willd, Ziiuniehellia, Mkhvl, Aponogoton, nimh. 

Zosiera, i. Potainogeton, L. 

Affinities. — Tliis Order agr(*ps with llydrocharidaeefc and Alismaeoje in 
Ihe fitniotnre of its seeds, but differs in the simpler organization of the 
inflorescence, which, however, is conneeted with that of Alismncea} in 
Sahcuchzvria, Decnisne and Mnoiit, following A. do Jussieu, keep distinct 
1 ^' ) JiincagincfO, Aponogetete, Polameffi, andNaiadene, all of which, with 
the exception of the first , are herf^ ineluded under Naiadacem. Tho gi*oiips 
estaldished or muintairK'd by the authors just cited are collectively cha- 
racterized by the absence, of a perianth or at least of a petaloid p(*riaTith, 
wliilc they are s(»parated one from the other by the foim and direction of 
the embryo, which is straight and slender and with the radicle next the 
hilmn in Juncaginem, swollen and with the radicle away from thohiliiinin 
ZoHtfh'a, swollen and with the embryo so curved that both its extremities 
are near th(* bilnm in Potamem, swollen and with the radicle directed to tho 
hilnm in Naiaclem. The fonn of the stigmas, whether entire and tnineato 
or lineaf and divided, is also relied on to distinguish the sovcml groups. 
Some authors consider the inflorescence rtially spadicifloroiis, and regard 
tho scaly perianth, when present, as consisting of bracts surrounding im- 
perfect unisexual flowers ; and this idcja is supported by tho spathe-like 
bract which occurs in some genera &c, ) . From this point of view 

they are related to Lemnaceae ; but the ebaraoter of the seeds is diverse. 
The structure of those plants is generally very simple, consisting chiefly 
of cellular tissue of very delicate organization ; in Ouvirandva the lamina 
of the full-grown leaf becomes a delicate lattice-like plate, the interspaecis 
between the ribs being destroyed during expansion. Zostera is remarkablo 
for its poll(jn-grnins being'tnbular and destitute of an external coat. 

Distrlbii^on. — ^Tlie species are numerous, and are met with in still, fresh 
and brackish water, and in the sea (ZoHera), in all parts of the world. 

QnlCUtlas and naep, — Apparently destitute of active properties. The 
leaves of Zontera marim are collected and dried on the sea-coast as a 
material for packing &c. in place of hay. 


Fig. 446. 



Embrj-o of Pnfamo~ 
ffpf oil, wUh till* f«*s(ai 
*r(*mov<*(l: u, rsulii'lr*; 
ft, <‘i>tyli‘don ; r, plii- 
mulp! 
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Subclass 3. GLUMIFLOR^. 

519. Monocotyledons, with the flowers collected into close spike- 
lets, spikes, or h(?ads, and the floral envelopes in the form of mem- 
brjinous scales ; the leaves mostly linofir, with long sheaths, tubular 
or slit ; the seed i^Jbuininons. 

The plants of this Subclass are goncrally easily recognizable by the 
cliaiMi;t(U’s above given ; but therti is a superficial ivsomblance to them in 
the case of the intloresceiice of the J inictu:(!ie., whi(*li stand more naturally 
among tlie Petaloid Monocotyledons, in spite of tlieir scaly perianth ; they 
are, jnui’oovcir, easily distiuguislied from tlio true GluinaceaB by their dis- 
tinctly regular .‘i-iiary structure. The ordinary character of Monocotyle- 
douous flowers is gr(*.atly disguised in this Subclass ; but an explanation of 
the coiKlitions in the apparently anoiualoiis Grasses is given under that 
Order: in Oyptjraeeaj the floral envelopes are generally more or less com- 
phitely suppressed ; the female flower of Cunu' has a perianth composed 
of a t-ubiiUir envelope ; and something analogous to this occurs in Erio- 
caulaceie, as the representative of a corolla, within the calycine scales. 


^"Ordeu CLVII; GBAMINACEiE. Grasses. 

CVrws. Oliimaceoe, EtulL AH. Oliimnles, Lindl, Coh, Glumales, 
Ihidh, at Hook, 

520. Dhgmsis . — Grasses (mostly herbaceous, rarely woody and 
arborescent), usually with hollow stems, with solid joints at the 
nodes ; leaves alternate, distichous, with tubular sheaths slit down 
on the side opposite the blade, and a ligule (§ 79) at the base of the 
blade ; the hypogynous flowers imbricated with 2-ranked glumes. 

Character, 

Injloresceme glumaccous, the flowers arranged m spikelets or heusioe, 
which are aggregated in spikes, racemes, or panicles ; perfect, or 
sometimes monoecious or polygamous. 

Sjjihelets mostly with two alternate and unequal bracts, csHled glumes, 
at the base (fig. 440), or enclosing the florets ; the outer glume 
sometimes absent. 

Flowers 2 or many, or rarely solitary with abortive rudiments of 
others, alternate on the rachis within tho glumes, more or less 
overlapping from below. , 

Perianth ; the outer circle or calyx represented by two scales {pdl^ 
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or glumelhi) (figs. 446-448, 5, 7/), one inserted a little above the 
other (alternate), the outer and lower simple, the inner or upper 
(sometimes called the flowering glume) with 2 primary ribs, and 
sometimes notched at the summit, the internal palea sometimes 
wanting ; the inner circle (corolUi) of 2 or 3 hypogynous scales 
{lodlculcB (fig. 448, a?, a?)), sometimes wanting ; if 2 in number, 
collateral, alternate with the paleas and next the outer, distinct or 
united. 


Fig. 446. Fig. 447. 



Fig. 446. Snikclct tiAveaai a, a, glnraps; 5, outftr pali'Ki of florota. 
Fig. 447. Floret of Avenai i, outer palea; 6*, awn; inner palea. 


Fig. 448, Fig. 449. Fig. 4t'50. 



Fig. 418. Floret of Awna with outer palea removed : inner palea; lodioulm. 

Fig 419. Section of oarvopBia of 2Vtttcttm: a, emdospenh; 6, embryo. 

Fig. 4«')0. Section of embryo of ^veno. the endosperm removed: a, radide; 6, cotyledon; 

Of plumule. 

Stamens hypogynous, 1-4, or 6 or more, 1 opposite the outer palea 
(alternate with the 2 scales) ; filaments capillary; anthers versatile. 

Ovary superior, 1-celled, with one ascending ovule; styles 2 or 3, 
rarely confluent; stigmas feathery or hairy (figs. 257 & 2oS). 

Fruit a caryopsis, with an inseparable pericarp ; embryo lying on 
one side, at the bascu of farinaceous alWmen (fig. 449), sometimes 
with a second, small outer cotyledon alternate with the first. 
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Illustrative Genera. 


• Tribe 1. PANiCEiB. Spikelets ar^ 
ticukded <dosely hehw tl^e lowest 
glume^ 2-, very rarely ^-flowei'ed: 
'upper glume always cowtainintj the 
most perfect and only fertile flower ; 
axis ofspikeUft mee/i' produced beyond 
the timer palea: lodichs nevermore 
tlmn 2. 

Panicum, 2>. 

Setoria^ 

Sorf^huin, Pers. 

Andropogon, Z. 

Coix, X. 

Tribe 2. PHALARiDEiE. Spike- 
Ms articvlatedy sometimes as in I’a- 
nicesB^ and sometimes at the base of 
the pedicels near the main a^iiSf 3- or 
a}iparenlly 1-flowered; outer empty 
glumes Morally compressed^ ofttm 
united at the base^ longer than the 
rest; lower palea Urminaly Imiry, 
with 2 rudimentary glumes below it : 
otiwrwise as in Paniccic. 

Pbabiris^ X. 


Tribe 3. Poace;®. Spikelets 
usually articulated abme the lowest 
glume, 1- or many-flowered; lowest 
flower usually perfect, terminal flmoer 
very rarely more perfect thmi those 
bdow it ; axis of the spikdet almost 
invariably tenmnoted oy an impmfeet 
glume, which is frequently reduced to 
a small 2 wint or bristle ; iodides gene- 
rally 2, sometimes 3; stanwns 1-3, 
rarely 6 ; fruit always shorter than 
the i^er palea, 

Agrostis, X, 

Stipa, X. 

Oryza, X. 

Cbioris, 8w, 

Avena, X. 

Festuca, X. 

Proinu^, X. 

Bambusa, X. 

Hoi*dcum, X, 

Triticum, X. 


AfflniticB. — The tribes abov« nientioned are those adopted by General 
31 iinro, the leading antbority <m ibis immense and difficult family. The 
description of the Grass-in rforescemee above given is in accordance with 
the views of R, Brown, generally accepted in this country, although 
questioned by Bentham and some foreign botanists. The following are* 
some of tlie principal arguments in its favour. Taking the alternation of 
3-Tiierous circles or organs as the nde in Monocotyledons, if we select a 
triandrous Grass, we find that the outer stamen stands between, t. e, al- 
ternates with the hypogvnous scales ; only two of these usually exist, but 
in IStipa and Bambusa, for example, a third occurs, and stands in firont of 
the inner (double) pale; thus the scales {hdicula) must be regarded as 
representing the petals, of which the inner one is usually suppressed, and 
the other two approximated or coherent, in accordance with the law afiect- 
ing the next circle ; for when Monocotyledonous flowers are truly mono- 
chlomydeous, and this condition arises from the suppression of the corolline 
or inner whorl, the stamens stand opposite the parts of the perianth. 
Outside the lodhuleB we find the 2 pales or ghmeUm, The outer one is 
opposite the outer stamen of triandrous flowers, and the 2 inner stamens 
are opposite the 2 primary veins of the inner pfde ; and since, moreover, 
this generally exhibits a double character, its construction from the con- 
fluence of 2 sepals is no great assumption, es]Mcially wh^ we see the 2 
lodicuke confluent, as in MeUcawA Glyceria, in diandrous Grasses {An- 
thoxanthum) the outer stamen is wanting ; in most Grasses the inner petal 
(lodicula) is absent; the inner (double) pale is absent in Alopecurus, Pani- 
cum, &c ; in LoUum and L^iurus the outer glume is absent ; in addition 
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to which the few-flowered spikeleta of voiy many ^renera contain abortive, 
unisexual, or neuter florets, consisting of rudimentary pales. 

Other authors, as has been noticed, object to the explanation of the 
flower we have given, and regard the outer pale as a bract in the axil of 
which the floral axis arises ; Link even looked upon the lodictilaf as ana- 
logous to the scales in the throat of XnrcmnHf therefore apparently as 
representing the lif/ulfs of metamorjjhosed Orass-leaves. The remarkable 
awn which is produced on the outer pal(» of many Grasses, more or less free 
from its lamina, is regarded by some authors as a barren development of 
the axis of the spikelet, which would make the inner pale the subtending 
bract of the flower. And it has been considered that the occasional ap- 
pearance! of a flower on the upper part of the outer '^ale of monstrous 
flowers of tlie ?fepal Harley (Hordemn ca‘lesfe) also indicates tho^pale to bo 
a bract with an abortive floral axis adherent to it ; in which cast! the inner 
nale would certainly be the bnict subtending the flower composed of 
lodicuIfT, stamens, and ovary. This pcjrhaps derives some support frf)m 
the structure of the spathe in l^Win ; but the whole is more simply ex- 
plained as an irregular monstrosity, since the outer pale of nviparous 
Grasses (i. e. plants with the spikelcts developing tufts of leaves) often 
appears as a rudimentary leaf with ligidar processes at the junction of the 
vaginal and laminar regions, and thus as a simple leaf; and the only re- 
maining ground for regarding it as a bract, rather than the outer sepal, 
is the fjici of the inner pale being inserted a little higher up in the rachis. 

The ligule has been consid(jred an adnate stipule; it seems more 
simpl(! to regard it as an excrescence from the upper part of the sheathing 
petiole. 

The above explanation of the structure of this Order brings them into 
direct relation with the geneival body of Monocotyledons; and the stems 
of liumhma have the habit (jven of some Palmacere, while the structure of 
the seed approaches that of Arac(*jT3. Hut the nearest allies, in both liabit 
jand structure, are of course the Cyperneem: one distinctive mark be- 
tween them, the hollow stoni, suffers exception in Saaaharmn and various 
Grasses of hot climates ; tlie creeping rhizomijs of ordinary Grasses are 
comiuoulv solid. The supposed diversity of .structure of^ the shmi of 
Grass(}s from that of other Monocotyledons is imaj^inary; their culms 
are simply fistular stahis of the structim^ existing in Tradescantia vir~ 
ginimj which, like Grass-stems, roots freely at the nodes. The habit 
of the Grasses familiar to us in Hntain is uniformly herbaceous; but 
Sarcharum, and some southern fonns, such a.s Paniewn qwetahih^ Festttm 
JktheUtifMy &c., attain the dimensions at least of shrubs; and Jimnhma is 
arhorepcesnt, having a woody stem flO or (K) feet or more in heiglit. 

Dlstrtbatlont — Constituting one of the Lirgest natural Orders, the Grasses 
are universally distributed, and in temperate climates appear in vast 
numbers of individuals, forming the principal mass of tbe verdure covering 
the surface of all hut utterly liairen soil. Tho great extent of their cul- 
tivation is also remarkable, and still more the aWnco of information as 
to the native countries of the Grain-grasses, which havo been objects of 
artificial culture from before the memorv of man. Rye, Barley, and Oats 
are the harder grains Wheat is the chief grain of temperate and warm 
temperate climates, bein^ associated in the latter with Maize and Rice, 
which form the chief grains of the tropics, — ^Maize more particularly in 
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America, Rice in Asia, and both, locally, in Afnc^ Rico-growing being 
dependent upon the possibility of irrigation. Various Millets {Sorghum^ 
Vcmimm^ &c.) are largely grown in Africa and Asia, and to some extent 
in South Eiurope. 

The Grasses of warmer climates ai'c more tufted and loss grcjgarious in 
growth, acquire greater stature, are sometimes arborescent, and very fre- 
quently present the montecioiis or potyganioiis condition of th(^ flowers. 

Qualities and Uses. — ^Tho main vmue of this Order riists upon the seeds, 
f)r more properly the fruits, especially of what are called the “ Cereal 
firains,’' just referred to, and wliich, in their abundant farinaceous al- 
buiium, capable of great improvement in quantity and quality under cul- 
tivation, furnish tie principal matorial for bread in most Gountries, exciopt 
wlu'ro tiid- 8t»vere cold forbids their growth, or the fertile soil and favour- 
able climate supply sutheient foo»l. with a less laborious agriculture, as in 
the case of the IMmitain^ Ih’end -fruit, and other tropical esculents. The 
Sugar-Cane is another ^ass of scaiYely less value ; and the fodder-Grasses 
are of immoiisc! importance, as fumishing food to domestic animals. A few 
of tlie Grasses have somewhat active properties. 

The principal Corn-plants are : — Wheat, Tritietim vvlgare and many 
\’ari(‘ties (Spring Wheat is called T. emtintm, Autumn Wheat 2\ hihermtm ) ; 
T. SpeUaj Spelt } T, composittnu^ the Mummy or Egyptian Wheat, has 
coinpoiiiKl spikes ; Rarhw, Ilordottm ^//V/c//wa/.Jwith its varieties IFordmm 
ruhfnre (Here or Big) and JL hoxastwlnan; Oats, Avena mtira and 
orientaliH (Tavtfirian Clats) ; Rye, Secale carmh ; Maize or Indian Corn, 
Zef/ Maf/s; and Rice, On/za satha. 

Among thos(j less generally knowm arc : — several Millets, such as Sefarta 
f/trmanira (Gorman Millet) ; Selana itaUca (^^ Ivora Kang,’^ East Indies) ; 
Vamntm frHmvntnccnm (‘^Shamoola,” l)ec(^an); Andropagon Sorghum 
(‘Mlurra^’ ) and A. sacchnratum (‘^Slialoo,” lOast Indies) ; Panivinn miH-- 
necnm Warroe,” East Indies) ; rvnivdhina splcata (“ llaji'ee,” East In- 
dies); c./77c (‘‘ Fuiiduiip,’’ West Africa); Poa ahgssinwa and 

Ehminv Toamso (^^ T(»ff‘” and “ l^ocuaso,” Abyssinia) ; Ehmine Corocmia 
(“ Natchnoe,'’ (hiromandel) ; Zizania tnjmtimy Canada Rice ; Phalaris ca~ 
•mirienmj Canaiy-seed, I'tc. &'c. 

Among the most valuable fodder-Grasses of temperate climates are: — 
the Rvis-giussea,>Ze////w* ;?cr<?wuc, ifafienm, &c. ; Phlemn pf'atmsc, Fcstuca 
pratemis, CgnomnM crUtatnH^ Anthoxanthum odoratmUy &c. Panirvm 
npoctahih, a' hay-grass of Brazil, grows (> or 7 feet liigh ; Anthistiria 
av«f,ra1is\iK the Kangaroo Grass” of Australia; AnthisUria cUiata and 
Cgnodmi Dactghn are esteemed Indian fodder-grasses ; Tripsacum rfrtc- 
tgloidesy Gama-grass, in Mexico ; Ggimdum argerdmm is the Pampas- 
grass ; and Feduca jfttdndhidiis, the Tussac-grass of the FalUand Islands, 
is said to bo very nutritious, 

Scuichamm qfilrmarum is the Sugar-Cane ; Stnrghum Bciccharctinni and 
Ggnerinm saorharoidrA (Brazil) likewdst? contain much sugar, as do(?8 also 
Maize, before the grain is ripened. Many Grasses are fragrant ; the Sweet 
Vernal-grass of our meadows, Anthoxanthum odoratwm, is an example, 
the scent being most powerful in, dried grass ; Hierochloe harMs is 
another; and this quality is still more strongly developed in some East- 
Indian species, su^ as Aidropogon dtradum (“ Lemon-grass ”) and A, 
loarancMUBj A, Calamm’^aromaticus, and A. muricatum (“Vetivert”), 
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of which the roots are largely used. This last Grass has stimulating 
properties; and another species, A. Nardus^ is called Ginger-grass,” 
from its pungency. Many others were formerly, or are still locally, 
esteemed ns medicinal, such as : — Cmx Lachryma, the hard grains of 
which are known by the name of “ Job’s Teais ; ” the common Heeds, 
Phragmitea arundrnacea, CalamagrostiSf Ajtmdo iJonaXf Tiitimm reptnut^ 
(Couch Grass or Quitch of fanners), &c. The supposed poisonous pro- 
perty of Darnel {Ldium temvdentvvn) is not satisfactorily ascertained. 
Among the Grasses useful in manufactures are the Bamboo (liamhma 
anmdimcea), the Heed, Phraf/niiidSf Donax, &c. Coarse paper has long 
been made from the Bamboo in India, and recently from various straws 
in this country. Lgymm spartmn is the Esparto Grass, much usc^d as n 
coarse fibrous material, and also in the manufacture of paper. The Sand- 
grasses, Elynma are^wrim^ Armido armaria^ and similar ci'eeping species, 
are valuable binding-w^eeds cm shifting sandy shores. Greses are re- 
markable for the quantity of siIpt hi thp ppi<forpiia : aiiTl in the 

Bamboo a solid siliceous substance, called Tnbasheer, collects in the hol- 
low joints above the nodes. Many species are cultivated for the elegance 
of tlieir flowers or their foliiigc, such as Arundo DtmoiCy various sptjcics 
of Bambusce, Gynerium (the Pampas Grass), &c. 

(EmocAULACKiE are aquatic or marsh-herbs, stemless or short-stemmed, 
with a tuft of fibrous roots, and a cluster of linear, often loosely cellular, 

E -like leaves, and naked scapes sheathiid at tlie btisc, bearing dense 
s of monoecious or rarely duecious, small, 2-3-merou8 flowers, each 
in the a?dl of a scarious bract ; the perianth double, or rarely simple, 
scarious ; the anthers 2-cellcd, introrse ; the fruit a 2-8-celled, 2-3-seeaed 
capsule ; seeds pendulous, winged or hairy, with a lenticular cunbryo at 
th(? end of thes albumen remote from the hilum. Tlie membranous tube 
surrounding the ovary represents the corolla, and thus places this Order 
intermediate between the GliimatuHms Orders and the Xyridacere, whicli 
lead on through Cornm^lynaceac to the TJUacere and tfieir allies. The 
plants are mostly natives "of America and Australia. J^rioratdm septan- 
gnlare occurs in the Western Islands of Scotland (Skye).) 

(Restiaceje ar<5 herbs or under-shrubs, with or without perfect leaves ; 
stems usually with slit, equitaut leaf-sheaths ; with spiked or aggregated 
glumaceous, mostly unisexual flowers ; glumes 2-0 or seldom 0 ; stamens 
2-3, adh(!rent to the inner glumes ; anthers 1 -celled ; ovary 1-3-celled ; 
ovule solitary in each cell, pendulous; seeds albuminous; emm^o terminal. 
Principally distinguished from Cyperacea? by the pendulous seed and tt‘r- 
minal Jenticidar embryo, further also by the leaf-sheaths being slit ; from 
the Juncaceriihby the same characters, by the stamens when 3 being ^posite 
the inner glumes, and by the 1 -celled anthers. They are without the 
membranous perianth between the glumes and the ovary wbicli occurs in 
Eriocaulaceie, while Xyridac(!a3 have the floral envelopes in 2 circles, of 
which the inner is petaloid. From Desvauxiacem they differ in having 
2 or 3 stamens, and if with a 1-celled ovary usually 2 styles, and thcj 
distinct perianth. ^ The species occur chiefly in "Australia and South Africa j 
one occurs in Chili. The tough, wiry stems have economic uses, for basket- 
making, thatching, &c. ,, Genera: Mestw, L. ; Thamnochoriusy Berg.; 
Wildenoviaf L.) 
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(T)ESVAUXTACEiE are Kttlc sedge-like herbs, with glumaceous flowers 
in a terminal spathe ; glumes 1 or 2 ; palete 0, or represented by tender 
scales parallel with the glumes ; ovaries usually several, sc^metimes con- 
solidated, each with a pendulous ovule ; stamens 1, or rarely 2 ; anthers 
1 -celled ; seeds albuminous ; embryo terminal. These little plants, chiefly 
natives of Australia, are of small importance, except as representing one of 
the types of the Glumaceous condition of Monocotyledons. They differ 
from "Cyperacem in having several 1 -celled ovaries more or less coherent, 
or, if a solitary ovary, it is 1 -carpcllary ; the anthers also are 1-celled, and 
the embryo terminal, as in Tiestiacefe ; but they have only one stamen, a 
1-celled ovary, and* a utricular fruit bursting longitudinally. Genera: 
Ceidroli^ts, Labill. ; Gaimardia, Gaudich.) 


Order CLVIII. CI'PEEA^^^. Sedges. 

Class, Glumaceui, UndL AU. Gluniales, Lindl, Coh, Glumalcs, 
Jienth, ct Hook, 

521. Diagnosis, — Orass-like or msh-like herbs, with* fibrous roots 
and solid stems, closed tubular leaf-sheaths, without ligulcs, and 
s])iked, y)erfect or unisexual flowers, one in the axil of each of the 
glume-like imbricalcd bracts, destitute of any envelopes or with a 
tubular periaiilh (figs. 452 & 458), or Avith hypogynous bristles or 
scales in its place (fig. 451) ; stamens definite, hypogynous, 1-7 or 
10 or 12 ; anthers 2-C(?Iled ; the l-ccUcd ovary with a single erect 
anatropous ovule forming in fruit a utriculus containing a seed 
with a lenticular embryo, enclosed in the base of albumen. 


Fig. 451. 



Fig. 461. Plowop of ISriophorum. Fie. 452. Female flower of Oarex, 

Fig. 463. Section of the same, showing the ovary. 


Oarex, Mich, 
Kohresia, WiUd, 
Schcenus, L, 
Cladium, iS. Br, 


Illusthativb Gemeba. 

Isolepis, It, Br, 
Scirpus, L, 
Eleocharis, B, Br, 


Eiiophorum, Z, 
Gvperus, X. 
Papyrus, TTUld, 
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Afinltlef. — ^This large Order of Glumaceoiis plants resembles in many 
presects the Grasses^ but has several marked distinctive characters, viz. 
the tubular leaf-sheaths, the usually angular and solid stems, the general 
reduction of the floral envelopes to a single bract or glume (2 additional 
glumes exist in Carex and some other genera, and hypogynous bristles or 
Betas in Sdrpiis, Eriophorunif &c.), and the fact of the embryo being 
enclosed ccntrallyin the base of the albumen of the seed. From Rostiaceae, 
some of which resemble Sedges in habit, they are distinguished by the 
erect seeds, by the 1-celled ovary being formed of 2 or 3 carpels, and by 
the leaf-sheaths not beiaig slit. 

Distribution. — Universally diffiisedj^ especially in<*marshes and about 
running streams. Cnrex and Scirptts belong chiefly to cool climates, Cy~ 
pfirus^ MariacH^, and others to warmer, while some appear ubiquitous. 
ScirpvJi triqmter is found in Europe, South America, and Australia. 

QualltieB and Uses. — The plants of this Order ore generally devoid of 
active properties, and are loss nutritious than tin* Grasses ; but some have 
bitter *md astringent properties, while othtirs are regarded as diaphoretics. 
Several of them have some oconomic value. Tho rhizomes of Cyimnis 
Imufus are astringent, those of C, rotuntJim contain an aromatic oil ; the 
creeping stems of Carvx liirUiy aretwria^ and other species have been used 
as substitut(*s for Sarsaparilla. The rhizomes of Ct/penis escidmtm^ C. 
htdhostis^ and some other plants of this Order, being tulxMrous and devoid 
of noxious properties, are used locally as articles of food. Papynts anti- 
quorum.^ a tall sedge, with a spongy pith,^a celebrated as having fumished 
the ancients with a kind of paper, made by cutting the pith into lamime, 
which were laid one upon another and pressed, thereby becoming glued 
together by their own sap. Its stem was, and is, also used for basket- 
maldng, mats, &c., like various >Vcwyw &c. The species of J^iophorumj 
the Cotton-grpses of our moorlands, produce a flo(ik of cottony hairs 
around tin? fndt, sometim(>.s used for stumng cushions, &c. Care.r drvimria 
Gig. 24) and C, inmirva, growing on sandy sea-shores, are very ollicient 
in binding the shifting sand. 
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(FHANEBOGAMIA, FLOWESINO FLAHTTS.) 

DrvnsTON II. Oynmospermia. 

522. Flowering plants, with aehlamydcous unisexual flowers 
arranged in cones, tlio male flowers 
consisting of antlierifcrous scales 
collected in deciduous cones, and 
tlic f(unalo either of open carpels 
(fig. 454, a), bearing naked ovules,* 
standing in the axil of a bract, 
and arranged in jjersistent cones, 
or of naked terminal ovules sur- 
rounded by a few scales ; seeds 
albuminous, with an enclosed em- 
bryo bearing 2 cotyledons, which 
are siinjAe or divided into several 
lobes — a whorl of 4ormoreco|^yIc- 
dons (fig. 454, n) according to some 
authors, — and with tlic radicle en- 
closed in a sheath (fig. 454, n). 

The members of this group are reinarknbhi as forming a bond of union, 
in many important parts of their organization, between the Angiosperni- 
ous Flowering plants and the higher Ciyptogaiuia. The Cycadnceie have 
the habit of l^ilms, or of Arborescent Fcu’iis ; their fertile foliar organs, or 
stamens and carjiels, resemble in Cijvfts the fertile leaves of Ferns; in Zamia^ 
as in Pinaeeifi, the carpels approach nearer to the condition of the carpels 
of Angiosperms, but are fiat or open. The structure of the female flower 
has been a subject of luuch contrtversy among botanists ; the account 
above given is that which is on the whole the most generally adopted, 
though it should he stated that some botanists regard the outer invest- 
ment of the ovule as an ovary, in whu;h latter case the scale supporting 
it would have more of the nature of a branch than of a foliar organ. The 
reasons for jionsiderin{y thg reproductive as naked pyules and*n^ 

ovmea ye^ hus givenby ^Opli. deX^(ioTfol~^,iliemodeof development 
is^entrifii^al as in ovules, not centripetal as in ovaries ; 2, the seeds of 
some Cilnilers (Podocarpm) are anatropal, a positi^on unknown in ovaries ; 
3, the insertion is that of an ovule and not of an ovaiy. To this it may 
be added that the structure and arrangement of the tissues in the scale 
supporting the ovules arc more akin to those of a leaf than to those of a 
branch. Anatomical investigation sho\ys that while in ^cads the ovules 
are borne on the sides of a scale originating directly ^om tlie axis, in 
Conifers the ovuligerous scale is the production of on abortive secondary 
branch ori ginating in the axil of the primary scale. Finaceos and Toxacesa 
agree with Dicot^dedons in habit } but the foUage of the latter approaches 


Fig. 454. 



Fig. 454. A, Carpel of Titm* (a, otuIcb); 
B, scale of cjoimj of with seeds (a) 

in C. winged ripe? set^d (o, seed); 
D, section of seed, showing embryo in 
endosperm ; E, embryo germinating. 
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that of Feins, while there are relations between their inflorescence and 
that of the LycopodiacesB ; Gnetacem approximate to Casuorinacem and 
ChloranthacefB in habit ; and perhaps Ephedra may bo compared with 
Equisetum, In all cases there may bo observed a remarkable series of 
phenomena interposed between the arrival of the pollen upon the nucleus 
and the maturation of the embiyo, not met with in Angiosponnous 
Flowering plants, and, at the same Umc, very nearly allied to processes 
which take place in the germination of the spores of SelaginelUi and the 
MarsileacesB. Thi^se will be more fully explained in the physiological 
■ portion of this work. 


Order CLIX. PINACEiE. The Pine Order. 


Gasft, Coniferae, Endl. Claaff. Gymnogens, ZindL Subches, Gymno- 
spermem, Benth. et Hook. 


523. Diagnosis . — Trees or shrubs, mostly with evergreen, linear, 
neodlo-like or lanceolate leaves, sometimes tufted, sometimes imbri- 
cated, moncccious or dioecious ; the female flowers in coru'S, consisting 
of imbricated carpels arising from the axils of membranous bracts, 
and bearing (flg. 454, a) 2 or more ovules on the upper face ; fruit a 
woody cone or a succulent berry forxhid by coherence of a few fleshy 
scales (galbulus). 

Illustrative Gei{jsra. 


Suborder 1. Abietinea?. Otmles 
with the micropyh next the bane of 
the caipel; poUm oval. 

Finugy L, 

XTSTeX Tourmf. 

Ara^a^ J%m. 


Subord. 2. CuPRESSiNKiE, Ovules 
erect ; pollen spheroidal. 

Juniperus, 

Crypiomoria, Don. 

C upressus, Toumrf. 

^axodiinii, L. V. Rich. 


AfOnltieB. — ^The above diagnosis gives the essential character of this 
Order, which, however, deserves a little detailed notice, on account of the 
modifleations occurring in the diflerent genera, as well as on account of 
the difficulties which the structure of the inflorescence may present to 
the student. ^ 

Among the Abietinerp, in the common Scotch Fir (Pinus sylvestnsj ^ the 
male inflorescence appeal's in the form of a compound spike, each branch 
of which consists of a number of anthers arranged in a cone ; each anther 
is repi^ented simply by a scale having 2 parallel pollen-cells, one upon 
each side of a connective which is produced into a little tongue beyond the 
pollen-cells. The female inflorescence consists of a single cone, composed 
of single carpellary scales, seated each in the axil of a membranous nract, 
the whole spirally arranged round the axis; each carpel possessing, on the 
upper face, at the base, 2 naked ovules, with their pomts directed towards 
the base of the carpel. In other Abietinem the stamens are more complex : 
in Cmninghanda the anther is 3-celled ; in Araucaria many-celled, the 
loculi consistiiig of tubular bodies attached by their ^ices to a 
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thickened connective at the upper end of a slender iilament ; the condition 
of the carpels also varies, Araucaria and Dammara having but 1 ovule, 
Oannuighamia 3, 'and other genera rnoie. A diversity also appears in 
the cones, from the different ways in which the carpels are developed : in 
IHnm sylvestrisj and many others^ the upper ends become thickened into 
woody heads {apophyses) meeting in a valvate manner, forming the 
tessellre ” of the continuous surface of the unopened cone, while in AJms^ 
CumiingJMmiay &c. the upper ends of the npe carpels overlap in an 
imbricated maimer. 

In Cupres«ine{Cy the stamens of Cupresmsy Jumperus, Thujay See. are 
peltate, with several loc-uli under the overhanging connective ; and the 
carpels representiug'the fumale flowers have in 27irfja 2 ovules, in Cupresstts 
iiiaiiy, in Jtmiperu4s 2 or only 1 erect ovule at the base ; in Junipej'^is the 
carjiels ripen into fleshy structures, cohering together so as to fonn a kind of 
lierry ; in CaUUris the cone is of globose form, and composed of 4 peltate 
scales, the apophyses of which meet in a valvate manner ; the same is the 
casti with a greater number of valves in Cupressusy while Thuja has the 
scales more distinctly imbricated, but still with thickened apophyses, 
which meet in a valvate manner (like those of Tinus syhestris). 

The curious fasciculate amingements of the leaves of Finm (§ G4), 
where 2, 3, 4 or more occur together, with a common membranous sheath 
at the base, oiU'r valuable distinctivo characters for the species. The 
affinities of the Pinacem are with Dicotyledons by their habit of growth, 
although there is an esstmtiol diffenmee in the internal structure of their 
organs ; the infiorescenco of this and the associated Orders is perhaps 
more highly organized than that of the Oycadaceai, and is connected with 
IMianerogamia, on the one hand, by the presence of distinct stamens and 
caipels, the latter producing a perfect seed ; while the nature of the pro- 
cesses taking place in the development of the embryo (described in the 
IMiysiulogical Part of this work) indicates a close approach to the 
conditions which are met witii in the higher Ciyptogamia, especially 
StdayimUa, 

Distribution. — \ considerable Order even in point of numbers, its re- 
presentatives are met with in all parts of the world, the species of IHnm, 
Abiesy and Taxodimn grooving sociallv. form characteristic forests in the 
northern hemisphere. 

Qualities and Uses. — ^IVIosi valuable as timber trees and as sources of 
importaut resins (turpentine, pitch, &c.) used iirthe arts, and aromatic oils 
and balsams having medicinal properties. 

Pinm includes : — P. sylvestrisy the Scotch Fir (North Europe) ; P. iV- 
Cluster-pine, a less hardy tree ; P. 2 ^(^lustrisy the Swamp-pine of 
Virginia ; P. the Frankincense-pine. Pinus PVemmUanay P. Lam-- 
hertianay P. Strobusy &c. are other very valuable timber-trees, attaining 
a height of upwards of 200 leet. Pinus PincUy the Stone-pine of the south 
of Europe, htis edible seeds. includes : — ^the Norway Spruce, A. 

eelm ; the Silver Fir, A. pect.mMa\ Abies halsameay Balsam-of-Cilead Fir, 
and A. canadmsisy Hemlock Spruce, both N orth- American. Cednts^ a sub- 
genus of includes the Cedar of ^Jj^moq Cedrusov C. Libani)y 
and the Deod^ ( C. I}eodard)y which is supposed to be merely a variety of 
the last nameT; £am', another suhgenus, includes the European {Abies 
Larix or Larir mropoid) and other Larches, cl^racterized by deciduous 
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[bliage ; Araucaria i ncludes the enormous Chilian Pinc^ A, iuMcataj and 
bhe Morelou^B^n^^ino, A. BidwiUL Eukma exceka is the celebrated 
^orfolk-lsland Pine. Dammara austrdis is the Cowrie l^nc of New 
Zealand ; D. onmtalU the Daminor Pine of India. Sequoia (or Wellvug^ 
tmia) (figantea is a Californian Pinci, attaining^ a height of 6G0 teet ; Micro- 
cachrya tetra^ona is the Huou Pine of Tasmania. 

Jumpei^ 18 best known in this country by the common Juniper shrub, 
7. by tht) cultivated Savine, J] Suhma; but the species of other 

countries are more important, as J. bernmiiaua and J. rirf/imanUf the ** Ited 
Cedars,” thci aromatic Avood of which is used for cabinet-making, and for 
blacklead pencils j J. Oxycedriui, a Mediterranean sjiecies, fonns also good 
and durabhi wood. TVij/yW occideutaliH and oxiodidis arc the Arbor-vitie 
trees of our shrubberieaT;' is now introduced also from Japan ; 
Ommm eempervirim is the common Cypress ; CaUitris quadrivulvia^ the 
i&ar-trcc of iVorth Africa, has poriferous and durable wood ; C. umtraHey 
is the Oysler-Jiay Pine of Austmlia. Taxodmm distieJmm is the Decidu- 
ous Cypress of the United States, and characterizes the Cypi*ess-8wnjnps of 
the Southem States. 

Among the above, tiii'pcntine, resin, and pitch are derived from many ; 
important kinds of resin ai'e : — common turpentine, resin, pitch, and Diir- 
guiidv pitch, from Pinff4t sylvedrk ; Venice turpentine from tlie Larch ; 
Strasbiirg turpentine! from Ahies pectimda^ liordeaux turpentine from 
1\ IHuader &c.; Canada Dalsani from Abiea hahtamen and A. canadensis; 
Saudarac from CaUitris quadnvalois ; (lum-Dammor from Dammar a au- 
stralis See, The berries of Juniperus vidgnris are aromatic, and are used 
for flavouring gin ; they are dimretic ; j] Sabina has still more active diu- 
retic properties 5 and C^ipressus and Tlmja appear to have poisonous quali- 
ties, The larp seeds of many other Pines, besides the Stone-pine, are 
eaten locally, m a fresh state, as of Araucaria imUndcida^ A, BidwiUi, &c. 


Order CLX. TAXACEyE. The Yew Order. 

Class, Coniferoo, Ertdl, C^ss, Gyninogens, Lindl, 

524. Diagrams , — ^Trees or shrubs wdth narrow rigid leaves or broad 
leaves with forked nerves, unisexual naked dowel’s, surrounded by imbri- 
cated bracts, the male several together, composed each of one or several 
coherent anthers, the female of a solitary uaKed ovule, terminal or in the 
axil of a bract ; the seed usually surrounded by a succulent coat. 

Illustrative Genera. 

'Taxus, L, Daciydium, Sol Cephalotaxus, Zucc. 

Podocarpus, PliyUocladus,Z.C.ific7i. | Sausburia, jSbi. 

Afflntttofc — ^The relations of this group, sometimes regarded as a Sub- 
order of the Pin^e&e, ore the same as those of that order ; and from it 
these plants difier chiefly in the solitary ovule that replaces the cone. 
The leaves of Sdidnsria^ and in a less degree those of other genexa, are very 
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similar to those of Ferns ; and the stamens of Tams closely resemble the 
sporanges of Eqfmetum. ^ 

Distribution. — A small group, the members of which inhabit temperate 
regions generally, or mountains in the tropics. 

Qualiti^ and Uses. — Agreciing in general with Pinacene, Todocarpis, 
Dacrydium, Ttmts (Yew), &c. yield valuable timber. The leavtis of the 
Yew are poisonous ; but the pulp of the berries does not appear to share 
this property. The fruits of iSedishiria adianlifolia are resinous and 
astiingent. 


O^IDEII CLXI. GNETACEiE. 

CUtss, Coniferse, EnM, Class, Gyuuiogens, Lindl, 

5:2o. Dioffnom . — Small trees or shrubs witli jointed stems, opposite, 
simple nett(‘d-ribbed or minute and scale-like leaves, and unisexual (rarely 
hermaphrodite) llowers in catidns or heads ; anthers 2-3-celled, opening 
by pores ; female ilower naked, or with two nioi’e or less combined scales, 
surrounding 1 or 2 naked ovules ; seed succulent } embiyo with 2 cotyle- 
dons, in tile axis of fleshy albumen. 

TLLi:sTiiATm5 Geneha. 

Ephedra, Z. | G netum ^ Z, | Welwitschia, lIooh, f, 

Affinities. — This Order is chiefly interesting as furnishing a link to 
connect the Oonifene with the llicotyledous, since the plants have a 
truly (lyimiospermous organization of the flower, while in general struc- 
tui*e" Ephedra apjiroaches to Casn'irinaf and Gnetum to Chloranthm, They 
are destiluti*. of tin? resin so characteristic of Conifers. The ovule presents 
the curious peculiarity that a third integument, immediately investing 
the nucleus, grows out into a long process like a style, and which projects 
from the foramen of tin* outi?r coat. W ’‘ehvitsMa mirahilis^si. native of desert 
regions in south-western Tropical Afric?a, where it was discovered by the 
botanist whose name it bears, is, i#inaiiy respects, the most interesting 
flowering plant now in existence. It consists of a woody trunk, about 
2 feet high, with a long woody root, and terminating above in an irre- 
gularly lobed saddle-like mass, 4-o feet in diameter. From a groove 
beneatli the edge of Ibis is given oif, on each side, a broad leathery leaf, 
some (5 feet long, and split into numerous thongs. These leaves are 
supposed to be the persistent coWledons ; and no others are produced, 
though the plant attains an age of at least a hundred years, and probably 
more. The disk at the top of the stem is marked by concentric lines. 
The inflorescence consists of cones borne on forked branches which ori- 
ginate from the edge of the disk. The cones contain, some female flowers, 
others mole flowers ; the latter with an abortive ovule occupying the ex- 
tremity 6f the axis. The female flower is similar in essentials to that of 
Gnetum ; the male is quite distinct &om any thing else. It consists of a 
perianth, as in the male flowers of Ephedra, enclosing six stamens, united 
by their filaments into a short tube, and hearing globose anthers, which 
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open by a 3-rayed cbink. In the centre of the flower is a body like an 
OTvv, with a terming st^le-like prolongation pnd an expanded stigma. 
This pistil-like strncturo myests the nucleus of the oyule; which, in this 
cm, IS destitute of embi^o-sac and embryo. The ovary-like body in 
this ^oWer is shown, from its mode of development arCd structure, to be 
homologpus with the coat of an ovule, and not to posset the character- 
istics of an ovary, except so far as superflcial resemblande is concerned. 



Fi(r. 4u5. Weltn^ehim mirabUis. 


The long styliform process is Mmilor to that which occurs in the ovule of 
Ephifha. ihe ovule, then, of WelwiUchia i^ strictly Gymribspermous, 
like those of Ooniferm. The strilcture of the stem belongs" to the Dicoty- 
ledonous type, but having, in addition to the other bundles, scattered 
vessels passing tlirough the parenchyma, as in Monocotyledonous stems. 
Among the ordinary parenchymatous cells occur spicular ” cells of large 
size and irregular branching form J these are covered on the outside with 
rhomboid si ciyktals of carbonate of liihe'. Similar cells occur in Arctu^ 
cana, J'-.. . ■ ' ’ " 

DistriPutton.— occurs in Europe, Asia, and South America, in 
temperate regions ; Gnetum in tro^fol India and in Guiana. 

Qualities and tTses.— Unimportant ; the branches and flowers of some 
BpMr€e were formerly UBed^'q^ a stjptic dnig. 


OaDER CLXII. CYCADACEiE. 

Cf<M«,,Zarai«f JEn^. Class, Gyranogons, Lindt, Subclass, Gymno- 
spermeas, Befdli, ct Book, 

(is.— -Paim-like, dwarf trees with simple tninks, 
internodes .undeveloped, ^the surface tessellated with the 
r'^ho fallen leaves ; leaves plust^rcd at the summit, pinnate, 
Ijtribbed, 'moio or less har^ and woody, ttreinato in ver- 
natmd!^ dioecious, the flowers in cones ; the anthers covering the 
tmdelb' surface of the male oon6<>soales ; fehiale flowers either peltate 
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scm1c:s with oviile? beneath, or flat scales with oyules at the base, or 
somewhat loaf-liko scales with the ovules bn the margins; seeds 
with a hard or succulent coat, containing 1 embryo or several, in fleshy 
or meiily albumen. 

’ "iLLUSTitATiVK GRNEntA. 

Oycas, Z. x#. I iIaerozanfia,''iI^47. 

Dion, lAndl, ItlncepMp'tOV, . f ' 

Afflnitlesi — Witli tho habit and app^ratneo qf Palms, especially in the 
genua thctfo planta agree '^^If Pmac^j. in tin? easentim pccii- 

liaiities of the ovganizalioii ot thtiir flowiers and seeds, while the (fiStri- 
biition of th(j reproductive organs over the leai-lihe chrjiels dnd antheri- 
feroua scales in Ci/vasj together with the.circinate \tanation, connect this 
Order .with the Ferns, thus stren^hening tlie relation Indwoen the 
Oymnosporinia and the higher Cryptogamin, whicli is so evident in the 
oilinities between Pinaceoi and Lycopodiacete. Some difference exists 
in the condition of the reproductive organs. The flower-cojnes, composed 
of inihricaled sciilos, appear to be ajciUnrv productions in Zamw \ hut in 
('t/ra.si\i(fT7av foimed^ronrthc'teritfhiiii'Tiiid, Avliich subsequently grows 
on (ns in the l*ine- apple), so th«lfr»here' the terttUBaHiifl of C Bc egtse doFS not 
arrest the growth of the axis: fhe formation of cones occurs at intervals; 
and when tho scales fall off nft(U*<.the poUen.or tho^eeds. wo maitoM^tha 
stem is found marked alteniatidy bQAdft<ol‘ ficamof iwo 1fi« d^? those 
of th<‘ true leiiytjs and tlK)se of the floral leaves X cj^cIb ^d stamens). In 
Zatm’a th<! cones are laTorul, like the spadices of many. Palms, In C^cus 
the teiimle c(»nea are formed of Iwge flat leafy carpels, with ovnles arranged 
at some distnnee apart on the margins; the male cones are likewise 
formed of leafy scales, hern'ing nunierbus anthers (or loculi) scattered «»ver 
the low(;r siirftice, the loculi ni iug coiuiuonly groupc;d in fours like the 
sporanges of Merfnm’a. In Zamit/ tlie^com^s nioib nearly those 
of Pinacem ; tlie male eohes are feumed of iVcltate scales (with an i^physis 
as in tin; ripe cones of f with th^ pollen-caseS under, the over- 

lianging head ; the female cones are composed of somewhat peltTato scales 
hearing only a pair of ovules at the base, ? * , ' 

Dlatribution. — Tropical and temperate, parts of Asia hhd America; 
Africa, especially near the. Cape of Good Hope, MadagpaScar, and Australia. 

Qualities and Uses. — T he chief va lu e of tly so plants ia as isoiirees o f 
a kind of Arrow-root orya^ ^<^iM8l|ng o? I^ie stferl^h fi^nf tte 

ihtefhal^ni*Gncli 3 ma of thetrunks, or obtained from the mealy albumen 
of the seeds. C^cas revolitta and C cireirtalia are Sago ” nlantsu^ljumn 
and the Moluccas ; various species of Kncephalartoa lor^ w^SToscailed 
" Caffer-breod ” at tho Cape; Dim\ edtde (seeds) 'furtL^shes/i^ 'Idnd of 
Arrow-root in Mexico. 
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SuBKTNGDOM 11 . CBTPTOaADEIA, or FLOWEBLESS PLANTS. 


8 prodiicinsts^al organs, but neither stamens. 1)18111 


mogeneous. not 


The plants included under the above? head are divided into a pjeat 
number of subdivisions, vrliich, altlioii^di all coniu‘ctod togetlfer bv the 
characters above (;ited, yet difbir (‘xcoediugly in the minor details of their 
confojTuation rsoe p. ISS, §§ oOo & .‘lO(i), on which aedbunt it is desirable to 
treat of the inorpholojrical details of each group at greater huigtli than in 
the ease of tlie coiTesponding groups of IMianerogams. The funetioiml 
peculianties are likewise feepariitely treated in the physiological portion of 
this work. 


Division I. AngiosporsB. 

528. Cryptogamous plants possessing true stems and lcav^ ('frondsh 
nrod^uemg. their _si)ores in spore-cases, ^lich are 

themselves sometimes enclosed within spore-fruits — mncentacles 
^^i^herid^ producing spirally twiatedV ciliated 
* ^anth(yozQid8 siicrm)yp|o^ Spores, when germinating, 

prodiiciiig a gro^^aUus^” on which the ‘‘aEgl!Jg2Si&” fenuilo 
organs arc formeST^^uen arc fertilized by the antnciozoids. 

Angiosnoroiis Cryptogams, as above defined, con’espond for the most 
part to the Acfogens of other botanists. The woody tissue includiis 
vasculai* as well as cellular eleitients, and increases cliielly by addition to 
the suniniit, as will he further explained under the heni of Minute 
Anatomy and Physiology. The plants manifest in the geniiiiialion of 
the spores a sort of alteniation of generations: first a prothallus is deve- 
loped, on which the true female organ is formed and fecuiidattjd b}' the 
antherozoids, which latter arc either formed on the primary plant, or on 
the prothallus with the archegbnm. 


Claps I. SPOJIOGAMIA. 

529. Angiosporous Cryptogams, producing two kinds of spores : — 
“mk|jjgjjjj|j|j|i”con^ and ** macrosporcs.” 

wmcITi^erminating form a “prothallus,” and on whidi tne arcLe- 
gonia are tbrmed. , 

^ This class includes the Orders l^arsileacess and Lycopodiaceao, asso- 
ciated under this name on account of the similarity" of their mod(*H of 
reproduction, They produce spores of two kindsj^ called respectively 
macro- and microspores : the, former give origin to the spore; the latter 
are ^^antheridia,” in which are formed antherozoids.”-# The spore emits 
a ‘^prothallus,” on which is home one' or more archegones, analogous to 
ovanesl'otid containing a, cell which is fertilized by the antherozoids. 
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Order CLXIII. MARSILEACE^. 

Clasit. llydropteridcs, EndL AU, Lycopodales^ Lhidl, 

530. Dtafimsia . — Creeping or floating herbs, with an inconspicuoxis 
stem bearing stalked or sessile leaves, circinate in vernation ; sporo- 
car])s stalk(!d, situated at the base of the leaves or leaf-stalks, and :2-4- 
ceiled, 2-4-valve(l, containing antheridia (microsporesj and spo- 
rangia in differejil eompaii iiients of the same fruit, or l-celled with 
the antheiidia and sjiorangia in separate s]»orocarps, and spiinging 
from a central placenta; spore producing a protliallus, on W'hich arc 
ojje or more archegonia. 

TJie Marsilcaccte, of w’hicli IHlidnria is our only native example, are 
small lierbaccuiis plants, growing in the mud at the margins of ponds, or 
doating ill stagnant pools. Their stem is little developed, consisting in 
the lerrestnal forms of a slender creej)ing rhizome with tufts of ILlifonu 
adventitious roots; in the aquatic fonns it is a mere basis for the tufts 
of halves. The lea^e8 are small, lilifoviu in Piluhtria, ovate in Salrhnaj 
and of remarkable (piatenuite fomi in Maritilva, The firuits consist of 
cajisuJes of globular or oval ft»rm {H 2 wrocarjw, or apun^fruiU), 

borne on stalks whi(;h arise at Uni bases of the leavt^s or leaf-stalks. In 
Pihihina and Mamka tlie aporf'-fniits arc divided into chambers, which 
contain the two kinds of spores in distinct sac-like coses InPiluIana 

till* sjiorocarp bursts into two or four vidves, and liberates a niucilngiuous 
subslauee in which ai’e intermixed the micro- and m^ro^ores. In Mnr- 
siiva the sporocai’p bursts in a similar manner to give exit to a mucous 
thread or stalk, bearing oblong sporauges or spore-casiis, some of which 
contain laige, others small spores. In iSalrhim and Azolla, the spore- 
fruits arc of two kinds, and produce I’espeetively antheridia and sporangia. 
The aulheridia contain iuilherozoids like ibtiee of Ferns. 

Affinities, ftc. — ^flie organization of the reproductive organs in tliis 
Order is the highest met with in Oryptognmin, the sporanges being 
enclosed in capsult!s stalked upon the main stem. Salvmta and AzoUu are 
sometimes included in a distinct group, SahinkeOj distinguished from the 
true Marsileacete in habit, in the circumstance that their reproductive 
oij^ans occupy sepai-ate conceptacles, the Concentacle Itself being, 1-cellcd, 
with a central placenta, and destitute of the gelatinous body so. characti^r- 
istic of Mardteas, Moreover the prothallus .bears more than one arche- 
goiiium. The species ai-e not very numerous,' but are widely diflused, 
chiefly in temperate climates. They have no known pi'operties. The 
Nardoo of Australia (Marsilea salvairkc) belongs to this family ; its spoil's 
have been eaten in coses of scarcity. 
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Order CLXIV. LYCOPODIACE^. Club-Mosses. 

Clasft. Selap^iies, EndL All, Lycopodales, Luidl, 

531. Eiagnosift. — Herbaceous plants with creepinp^ stems, brancli- 
ing iu a bifurcate manner, clothed with small, usually closely imbii - 
Gated leaves. 8porangcs in th(‘ axils of more or less metaiiiorphosed 
leaves, often arranged in cone-lilvc spike^s (stalked or sessile) formed 
from one of the bramdios of a bifurcation of lh(» stem ; sporauges 
l-»3-celled, of two kinds (SrlagineJla), producing either 4 large 
ovularj' spores or numerous small antheridial spol'es. 

IlLU STB A TH'K 0 EX ERA. 

Tmesipteria, Evrnli, Jjycopodiiini, L, 

I'silotiim, i^w, Sclaginellfi, Spiuiig, 

Tlio Lycopodiace.T, including the Ljfvopodivce and also tlio Isovtrfc, 
arc distinguished by their sporanges Indiig sessile in the axils of leaves or 
bracts, which are often collected into a kind of inllorosccnce like the cone 
of Firs. 

Fig. 450. 



Organuationof Lyco])odieoB:*— a.frainiif’Utof Selagintilla kelvelica, with fruit-fl])ikeB ; h, a por- 
tion of the leafv alein ; c, fruit-apike of Lycoj^ium atnwiinum ; d, fruit-scale of L. imm- 
with axillary sporange ; 0, the Bporange bursting; /, spores from 0 : 0, sporange and 
email apores; K sporange with quaternary &rge aporoa; and i, the aaine, burst; aU from 
Sela^inMa helvetiea. 

The Lycopodie€B have slender stems characterized by a bifurcating 
mode of ramiiication (tig. 4o0, a). In the Lycopodia the stems are hard 
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and woody, in the Stilagvull^if usually very delicate. They produce 
solitary adveiitilious roots at the forks, and are covered with small imbri- 
cated leaves, all alilo* and arranged spirally in Lycapodimn, but of two 
kinds and arranged in peculiar vertical rows, giving a llattened aspect to 
the stem, in Sektyindht (Jig. 45(5,5); the smaller leaves here are regarded 
by some authors as stipuhis. 

The fertile* leave's of many JAjvopodia and Seldyimlke are collected in 
slendeu’-slalkt'd or sessile* ceiiieis or strobih^s (tig. 45d, c). The sporv-tt are 
conlaine‘d in ele*presseid oval cases, seated in the axils of these leave's (e/); 
and iji Lyropodinm eiuly oue; kiiiel, containing a large* number of spem^s, 
resembling pollon-girains, has be;en found ('*,/) ; in Sdayiuvllaj ln)wevor, 
mie're)sport*s en* autlie*riilia are formed, and the* lowest bract in each ceaie? 
is founel te) subtend a sporange containing four much large'i* spores (macro- 
spores) (7/, /) ; tlie'so last are the kind which germinate and re*produce the 
plant, producing in the first instance a protliallns, em wliich archegonia 
are produeeel and art* fertilized b\' antlieTe)Zoids likcj the)sei of Fenis and 
fbnneel within the microspeu'es. I’he reproduction of Lycopodium has not 
been obse?rve*d. 

Lyvopodicfc seem to have nttaine>d fair greater dimensions in former ages ; 
the Jbssil tJ’unks e)f trees called Lvpidodvndru appear to have belonged to 
plants of this ftunily, and which must have rivalled the arborescent Ferns. 
At pri*s(!nt tJu'y are lierbaetjoua plants, the hardy mostly creep- 

ing t»ji the ground, tin* moiv. delicate Stluffmeliai either creeping or climbing 
over l(»w objects, in damp and wann cliniatt s. 

Affinities, '&e. — The immediate relations of this Order aro wdth Tsoe- 
taeem, which scarcely difli*r, (*xcept in tJie organization of the vegetative 
structure, ajid in the larg(*r number of the inacrospores. A most distinct 
affinity exists with Finacea? in the cone-like spikes, as well ns the deve- 
lopment of t he ejubry o in t he larger spores. The (^lub-mosses are generally 
diffuseil : — the sjieciiis of Lycopodium in tenip(*rate and cold climat(?s ; the 
Sdayiudhe in warm r(*gions, being especially abundant and large in warm 
damj) localities likt^ tlu^ Indian islands. Some kinds are apparently dangerous 
or poisonous: L, chtrafum'^Stm been iiscmI as an emetic; L. Sclnyo and Z. 
cathaHirum flW^urgatives ; the latter is veiy violi'nt in its action. The 
iSchtyineUtr-mCi very elegjint planta, much-valued in cultivation, in associ- 
ation with Ferns, aiul in moist nn ^^uahright and delir 

cately formed foliage. (.)inj or two of the species roll up their fronds 
wlu'Ti dry, and unfold them again when placed in Avater, owing to the 
rapid absorption of the fluid, whence ihof have been oalled Resm'rection 
plants. 

OiiDKR CLXV. ISOETACE^. Quill-worts. 

Cfnss. Selagines, Lndl. AU. Lycopodalcs, Lindl. 

5J13. Diaipuim . — ^Tufted a((uatic or marsh herbs, growing from a peren- 
nial conn-like stem, supporting linear cylindrical leaves of delicate tex- 
ture, producing annually, in the axils o^ successive cycles of the leaves, 
sporanges which are imniersed in the substance of the inner face of the 
leaf and divided internally into chambers by nfore or less perfect septa ; 
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some of the sporanges produce small antlieridial spores^ others (fewer) 
large spores. 

Illustbative Oent:ba. 

Isoctes, Z. I ? Phylloglossum, Z!s». 

The IsoeUfp are represented by a genus of planis growing in the mud 
at the bottom of pools. Their stonis^ consist of a land of ronn, of peren- 
nial duration and of woody structure when old, pnxlucing adv(‘ntitious 
roots on the un(h.*rside, like the conns of the Flowerinir plants, ami send- 
ing up tufts of leaviis from a singl<» terminal bud. '^Plu* leaves are very 
delicate, of cylindrical fonn, and contain longitudinal 4iir-cbamber3 ; they 
are ex]>anded into a kind of sheath, pl)vlln])od,'’ at the base where 
attachi'd to the conn : and in their axils, more or less imbe.(ld(‘d in the 
substance, are tluj afioranffea, sacs divided into several cliamhers, some 
filled with numerous small jmUen-Uhr ^porcit, others containing a small 
number of farpa spores^ iHJsembling the f|uat.ernary spor(‘s of Selaijiiwlhj 
and, like them, producing the prothallus on which thcj ar(dit?gonia or 
female organa art', placed. The aiithi^rozoids are lilo* those of Ft‘nis. 

Affinities. — ^Nearly relattxl to Lycopodijiceje, with which thtdr reproduc- 
tive organization agrees in all essential respects — hut diftl'ring strikingly 
in hahit, especially iu the character of the stem, wliich is externally like 
a corm, but in reality is a perennial woody caudex inereased in size by 
successive annual growths. P/n//foffI(Msmn would ap])enr to ht' exactly 
intormediatt' between ImHea and having the h‘avi*s ami stimi 

of the first, with a stalked spik(\ likt? the second : iKubaps this and the last 
Ortler should be conjoined. TIkj sp“cies r)f IaoHou are generally dilliised 
in the noithcmi hemisphere. Thtjy have no known properties. 


Class II. THALLOGAMIA. 

533. ATigiosporoiis Flowcrlcss plants producing snores of one kinc] 
in sporanges ])lacod on the loaves or on tlio stein : snore freripi- 

natiiig into a grcca culliilar Drotlialljiim (like a mcern^. 
devijlaned ant^hondia a.nd-ar(^ ie<^Hj^ the latter giving origin to a 
leafy st(?m ; antlierozoids spiruL^^^ 

This class comprises the Ferns and the or Tlnrae-tails, two 

groups which are connected tdhether by the phenomena presented in the 
germination of their spores, and by their producing these organs in one 
kind fuily. While the Sporogamia have what may be called male and 
female s])(>res, the Ferns and Horse-tails are furnislied with spores of only 
one kind, which germinate and produce an Algoid frond called 

upon which are devtdoped the sexual organs, the (irchofjonia and an- 
tlm'klia. AVheu an nrchegoiiiuiu is fertilized, it gives birth to a kind of 
embryo, which assumes the character of a bud, sends out leavcis ( or stems) 
and roots, and gi-ows up into the fonn of the ptirent plant, wdiile the genii- 
frond or prothallaa dies away. 

The Filices and the Fquisetacoae are very unlike in their fully developed 
conditions : in the former the hjavea ore tlie predominant org^s ; in the 
latter the leaves ai*e almfist alwrtive, and the stern is highly developed. 
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Okder CLXVI. EQUISETACEiE. Horse-tails. 

C/ass. Calamai*if«, IJatlL All, Muscalcs, LiiidL 

5o4. Diaf/nofiia, — Herbaceous plants with slender, joinlod, some- 
times nodular, siibteiTaiieons rhizomes, seJidingup at intervais fistular 
jointed steins, heaving whorLs of scales (IcavcsJ at tlu; joints, whore 
they arc sometimes viTtieilhitel}’ branched ; stems either barren or 
fertile, the latter terminating in a. elavatc joint covered with spor- 
aiiges, consisting pf jieltate bodies (fig. di>7, r, rl) with dehiscent 
spore-ehamb(‘rs iindiT the overhanging head. »Sj)ores of one kind, 
with 4 elastic ti laments, elaiers,’’ formed l)y the spiral fission of 
the outer coat of the spore' (fig. ioT, c, j). 

Illustrative Genus. 

Iktuiselmn, i. 


The Eqinsetacem at present 
evisting coitsist of a single genus, 
JHqinavhtm, ii small nssi'inblage of 
herlHUieoiis plants grt^'ingin marahy 
places, Imviiig a creeping, siihUTraiie- 
ous, jointed, but solid rhizome (Hg. 
4o7, a), from wliii'b arise erect sliools 
or stems of pi'cnliar aspect, and 
usually of grevish-g’Teeii colour. 
'riii‘y an* striated longiMRlinally, 
jointed at intervals, with circles of 
small and narrowiiicmbraiKms scales, 
r(*presenting the lcuv(*s, at the joints 
(tig. 4o7, and they are listuhiv, 
lili(* the stems of ( Jrasses. They an*, 
moreover, travcrsinl by a iiuiiilier of 
air-canals varying in iinmbcT and 
disposition ill" tlu? several species. 
The stems are sometimes simph*,' 
soiiictimes compound, bearing whorls 
or branches at the nodes ((^ ), which 
branches resemhlc the main stem in 
character, and fr(*«piently branch 
again in a similar manner at their 
nod(*s. Tin* erect stems art3 either 
fi‘rtilo or barren ; in some spi»cies the 
Fertile st(*ms are short and simple, 
while the hari’cn steins are tall and 
provided with niimerons whorls of 
spreading compound branches (J?. 
Jhiviatilv), Tin* fertile stems tonni- 
nate in a kind of club or spike (tig. 
457, a, 6), composed of a short, axis 
closely covered with nporwiyes (c) ; 


Fig. 457. 



Or^niEntioTi of Equisotiirfflc ; — ft, f«‘rt.ilo 
of 'Kqiiittpfiini arvptm-, ariBi'iif; from 
tho rhisunio; b, fnn't-spilo* (iwit. ai»r); 

c, trmiBverMi* sretiou of no., show jii}» how 
til** siiorniip'B nro nttsu hcul lo tin- iixia; 

d, a HponwifTo, from hom-uth ; e, a 
spore: /, the aame, wilh ils “elnters” 
uneoili'd ; ff, fnipnent of tiie branched 
stem oi JB.' palwtire. 
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these are little peltate or mushrooin -shaped bodies (c, tf), attached by 
their stalks to the central axis, and bt^nring under the ovcrhanf^ing h(*ad n 
circle of vertical toolh-like pouches (d), resembling the anther-cells of 
Tlitfja, and which hurst by a vertical dit on the inside to (»mit the spores 
when ripe. The ajwrrs are furnished with remarkable filiform processes, 
called elaten (fig. 457, c, /), consisting of four short tilanioiits attachi'd 
at one side, coiled spirally round the spore before it is iiifftture, and un- 
winding with elasticity when the spore is discharged from thci spornnge. 
The erect stems die to the ground annually, while the rhizome continutis 
its growth by buds. 

Affinities, &c. — The plants of this Order belong aP to a single genus, 
which is veiy unlike any otluT fonu of Cryptoganious plants. In ext(?rnal 
appearance the stems havti no litthi rcisemblance to those of Ejdiedra and 
Cusuantm : but their internal organization is totally different. The spikes 
of s])uranges also are very liktj the male (jones of Zantia among the Oym- 
nos|>tirmous Phaneroganiia : but the spores of Hqumdvm are furnished 
wnth spiral filaments, forming a structure quite pecidiar to the Ordtir. 
In conjunction with the fistuhir erect stems, having a slight similarity to 
those of (frasses, w^e find in jEV//mW//>//, as in that Order, a deposit of silex 
in the (qjidormal tissues, and in E. hyeimde so abundant that the ashes of 
the stem form a good polishing-powder, like fine tripoli. In the history 
of the development of their spoivs these plants agree essentially with the 
Perns (see PHA HTOLOCiY). The Equisetact'fu are found in wet places in 
most parts of the globe. 


OiiDER CLXVII. FILICES/ Perns. 


.CVcMs. Filices, Ettdl, AIL Filicales, LindL 

5 ** 15 . BJaymms. — Herbs with a suhtorranfeous rhizome, or trees 
wdth an unbranclied caudpx,wilh well-develoiK*d, generally more or 
less divided or com])Ouiid leaves, circinatein vernation, and all or part 
of which bear clusters of sporaiigcs {sori) njwn the lower surface (fig. 
458, a, 5, d) or at the margins (//), seated branches of the veins. 
The sori are naked (5) or covered at first hy a variously formed 
dehiscent or separating intern braiious sf ructurc (Miesiwn, dy e) which 
is continuous with the epidermis of the leaf.* 


Illustrative Genera. 


Tribe 1. Polypodie-®. Spormitjes | 
stalked, with a vertical ammlm, 
Acrostichum, L, 

Gymiiogramma, Desv, 

Ceteracli, Adam, 

Polypodium, L, 

Adi'antum, L, 

Pteris, L, 

Allosorus, Bemh, 

Hlechnuni^ X. 


Asjdciiium, X. 

Scoloptiiidrium, Smith, 
Ijastrtco, EresL 
Aspidium, Swaiiz, 

Cystoi^teris, livrnh. 

I Tribe 2. (^JYATinaKiE, Sjmranges 
I semk, more or less elevated ml a 
I common receptacle ; annulus vcHical, 
Alsonhila, R, Br, 

I Cyatnea, Smith, 
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Tribe 3. PARKEnrEJ®. Sporangen 
thin, with a broad, imperfect, vertical 
anuHlm. 

Ceratopteria, lirong^u 

Parkena, Hooh, 

Tri be 4. TI^enopiiyllkas. Spa- 
ranges on an a:i'is priuhived by the 
excurrenee of a vein beyond the mar- 
gin of the leaf; anmdns horizontal or 
ohlitjae, 

llvinenoplivlluTa, Smith. 

Triclioiuanes, L. 

Tribe 3. (Sleichknucao. S)w- 
ranges vommotdy arranged in fours 
in the. dorsal sori, twarly sessile j toith 
a transverse or ohlupte anmdns : 
bursting vertically on the inside. 

Cl 1 ei elienia, Smith. 

Merteiisia, Willd. 

Ti*ibe (>. ScnizjisK^. Syoranges 
dorsal ; the annulus in the form of a 
cap on the summit; dehiscence rtr- 
ticnl. 

ScbizoRa, Smith. 

Jjy^odiuiu, Swartz^ 


Tribe 7. OsMUNDEiE. Sporanges 
stfdked, dorsal, or arranged on pinnee 
assuming a spiked orpaniydate aspect 
from the absence of parenchyma be- 
tween the reins ; annulus incomplete, 
dorsal; dehiscence across the vertex, 
Osmunda, L, 

Todea, Willd. 

Tribe 8. Marattteje. Sporanges 
free, closely packed in two rows, or in 
'a circle, or soldered together so as to 
resemble a many-eelled capsuh, each 
cell opening bg a pore ; annulus none. 
Aiipfiopteris, Iloffm. 

Marattia, Sm, 

Dtmasa^ Sm. 

Tribe 9. Ophioglosse^. Leaves 
■not circinate ; sporanges 2-valved, on 
the sides of a spike or scape, which is 
sinipUt or branched; annulus none. 

Ophiofrlosaiim, L. 

Potrychium, Swartz. 


Tlie Filicea or Ferns (»xliibit a far j]^ater variety of conditions than 
the ir<n*se-tail8. I’licir inoi*t remarkable ebaraeter is the preat develnp- 
nu'nt of the leaves, tlie stem Im n*presenled in most cases by rhizomes, 
nltlinuo-h in some of the «*,xotic foj-ms it becomes areal trunk, rising above 
the ground in a manner analogous to the trunks of Palms (fig. 29). 

Tlie rhizomes of the herbaceous kinds are subterranean, and grow 
either horizontally or vertically. In the former the intemodes ore either 
developed or undeveloped ; when they are developed, the leaves arise 
singly from the ground, as in the common lh*akc-fem (Pteris) and Poly- 

i rndinm rndgare (tig. 458, a ) ; when the internodes are undeveloped, the 
caves are tutted, which is always the case when the rhizome is erect, as 
in Athyrium Filix-fa^nina ; and the arborescent kinds likewise exhibit 
the tutted growth of the leaves from a terminal bud, with little develop- 
ment of the internodes. The rhizoniatoiis stems frequently branch, in 
which case the stem bifurcates, as in the Lvcopodia(.*ea). 

The leaves of the Ferns resemble those of the Phanerogamia in their es- 
sential structure ; they are very remarkable for their multifold compound 
forms. The venation*^ or ribbing exhibits a peculiarity, the ramification 
of the veins in the lamime being on a bifurcated plan (fig. 458, b, d), and 
the subdivisions retaining an equal size. The leaves are also characterized 
by the circinate vernation (§ ll3) which is almost universal in tJio Order, 
the only exception being found in the Ophioglossece. 

The fructification or sporiferous apparatus of the Ferns is produced upon 
the leaves ; and it presents a great variety of modifications, which serve to 
characterize the pnncipal subdiyisions of the Order. The ipores are formed 

I 5 
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in epore-caaes or Rpcranges^ little membranous sacs attached by a pedicle 
to the lower surface of the leaf (fij?. J58, h, c, /, iV:c.), or to a kind of 
skeleton of the leaf in wliicli the piw’eiichvina is suppressed (o). These 
spore-cases differ in some? ('ssential paiticnlars of structure, in tlie mode of 
attachment, and in their relations to each other. 


Fi^r. 458. 



Orgnnizntion of Ferns: — a, plant oT Pulypodiuvi rujgare\ h, fragment of a pinna with nnke<l 
r, vcrtieal section through out* of tJu* Hori, shewing thi* nttiiehiiient of the sjioninges 
to the leaf; </, jiortion of n pinnule ofXa«/wa FUi.v-niin<, the son covered with htdntiia; 
e, vertical si'ction through a sorus of the some, showing thi* attachment of the induHinm 
ami sporiinges:/, vertical section of ncnp-shaiiecl iiuliiKiiini and sorus of ; g, mar- 

ginal Mjrus of Jigumiophgflum ; k, the sume, uith on(‘ valve removed, to showihe nttacdi- 
ment of the sporanges: f, sporange of Polgpodium^ bursting; fr, simrangc of J/giiifno- 
phglluni; I, spornnge of Srhizrta ; tii, gi'oup of sporangi'S of Merfetma ; sponinge of 
Omnmda; o, portion of the fertile lobe of the frond of JJotrgchiuiii, LunariUt with the 
sporanges burst; p, spores of Ferns. 

In most of the Filices the spore-cases possess an annulus or ring 
(fig. 458, i), an incomplete ring of thickened cells running round the 
sac, and assisting, by its contraction when dry, to rupturo the sac and set 
free the spores. In the Pul^fpodwa and otner tribes it is vertical (fig. 
458, 1 ) ; in the ITymenophyUecp the ring is oblique and unconnected with 
the basal j^dicle (A) ; in the GUichmiem the ring is horizontal {m) and 
in tlie Schizmee it forms a kind of cap with radiating strise on tlie top of 
the spore-baee (/) ; in Omnundem the ring^ is broad, but imperfectly de- 
veloped {iii)| while in Marattiede and Opmoglossece (o) it is absent alto- 
gether. 
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In most of the tribes the spore-cases ore distinct from one another, but 
colliKited in groups (non) of various forms, round, linear, &(!. (fig. 4o8, 

c), on the hnver surface of ordinai*y leaves, or of leaves (^speeiiilly de- 
voted to tli(! fructification and modified in fonn and texture. The mri 
jm* either naked (ft, c), or covered by n mtmibranous cover or indmium 
(V/, f ), the forms and modes of attaelirnont of which furnish systematic 
eliaracters. fn th(^ Marattiem the spore-coses ore usually more or less 
coherent tog(»ther, so os to form a false compound multilocuhir sporange. 
In the ILfmenupInjUefp. \\\e sporanges are altacrhod to little col umiiH formed 
by the production of the ribs bewond the margins of the loaves (//, ft), 
becoming at the sauie time <*iiclosed in cup-like receptacles formed from 
the margins of the leaf. In the Ophioglossefe u portion of the leaf is 
transformed into a simphi or compound spike-liko proct?ss, covered with 
free spore-cases destitute of a ring, and splitting regularly to discharge the 
spores (o). 

The spores are simple cells of microscopic dimensions, furnished, like 
pollon-grains, with a double coat, the outer of which is generally similarly 
marked with papilhe, reticulations ( p), &c. 

The tenn flowering” fern is eiTom ously applied to those Icinds in which 
the ]W*tih* leaves or loh(‘s an? df'stitute of parenchyma, and thus resemble 
superficially the spadices of IMianerogamia, as OAmumJaj JUotryvhimn, 
Opkioplossunij &:c. 

The arborescent Ferns btdong to the Pol^^podiefe and CJyatlicem, and differ 
only in habit and dimon^j^s &oin the mbro.iiimiliar forms. 

are ^oiuetimfisjropipduced by, buds, aiialogg^s toJ)ulbUa,ioi3»ed 
on different parts of their structure, a>nd someti me s at me jppinte of^the 

Various attempts have been niade^'*"i!'xplain thtf mMbhology^f thb 
sporanges, or thecrej and tho rndnshnn, W'e believe the latter must be 
regarded ns a product of the iow(»r epidermal laycu* of the leaf ; and the 
spornng(j8 are doubtless, like the authors on the surftico of tlie male scales 
of Ci/eaSj d(ivelopments of the parenchymatous structure, which scarcely 
admit of comparison with tho pro])er appcndiciilnr organs of stems. Some 
aujhors, how(*A'er, describ(5 the leaves or “ fronds ” of Ferns as branches; 
and then the admit of being in^garded as developed from leaf-hiids, the 
leaves of which become sporanges (clustered together like the spines in 
tho aborti'nc buds of Cactaceai). 

Affinities, ftCb — The Filices constituh^ a very large and natural group of 
Cryptogamous plants which have no very close relations, as regards 
general structure ; but the Opbioglossem seem to form a link between 
Osmimdees and Lycopodiaccao. As regains the physiological processes 
occurring in rtmroduciion, this Oi*der must be classed -with the Equi- 
setacem, notwithstanding the great diversity of habit, which, as a whole, 
may he expressed by saying that the leaf predominates in the Ferns and 
the stem in the Horse-tails. 

The Ophiot/hssets depart importantly from the gonernl characters, both 
in their foliage and their reproductive organs ; to the form of the latter 
thei^* is an approach in Marattiem, and perhaps we may admit that the 
sporanges of this Order are really like those of Lycopbdiaceie ; the de- 
velopment of the young spores appears to agree, however, with that of 
the Ferns and Equisetacem, which is on a tot^ly different plan from that 
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of TiYCOpodiesB. Ophioprlos»acc.*e ore sparinpdy represented in Europe 
and f^orlh America, the West Indies, at the Capo, Tasmania, &c., hut are 
most abundant in the Indian islands. They seem to be without active 
propcn’ties. 

The Marattme^ by the absence of the annulus and the frroiiping of tho 
sporanj^es, appear to stand between the Polypodicre and the Ophio- 
glossem. 

The Ferns of temperate climates in the northern hemisphere are herbs ; 
in the islands of tho tropics and th(» south temperate latitudes arborescent 
forms occur hayinf? the habit of Talins. The Ferns are universally dis- 
tributed — more abundantly, how(*ver, in damp, mild clicuates, which favour 
the development of foliajrc. Some of them have active proptjrties, as- 
trin^eucT, anthelmintic and emetic qualities, &(r., but they are of little 
importaiict* ; the rhizomes of /Vcm &(*., and the stocks of some arbo- 
rescent kinds, afford a poor nutriment, used by the nb iriffines of th(» Sonth- 
Sea Islands and elsewliere in times of scarcity. It need scarcely be men- 
tioned that this is the favourite Order of Cryptogamia among cultivators 
of plants. 


Class III. AXOGAMIA. 


oJiO. Angiosporoiis Flowcrless plants, |j|roduciii p anthcridia and 
M^hcgonia in tliQ axi^s of their Ws orin. mqW Ucls.fl»c_fig 
nlizod iircliegonia gLvmg birth^ sporanges tilled with numerous 
spor<jg^j ^l rtijrodyciq g |l^e planl^ 


This title is applied to tho Mosses and Liverworts on account of the de- 
velopment of the nrvhvfjoma and antlivntUn upon tho perfect leafy plants, 
th(? fertilization of the archegonia being followed here by tlie development 
of the fruit containing tlie spores. Ilotli groups exhibit a peculiar mode 
of germination, the spore being developed into a bmiicbcal confervoid 
filaintmt, upon wliich leaf-buds appear, growing up into leafy stems, 
bearing antneridia and urchegonia and subsequently capsular sporanges ; 
so that the perfect plant df a Moss coiTcsponds to the heart-shaped Mar- 
c7/«fw/Mi-like expansion of tho prothaUus of Ferns on wlych the anthcridia 
and pistillidia are produced. 


Order CLXVIII. BRYACE.®. Mosses. 

CUm, Musci, Endl. All, Muscoles, lAnM, 

537. Diagnosis. — (Fig. 459.) Mosses, of csespitoso or diffused 
creeping habit, terrestrial or aejuatic, with usually spirally imbri- 
cated leaves, and urn-shaped sporanges, terminal (acrocm^ous), or on 
the ends of short lateral branches (cladocarpmis), or from tho axils of 
leaves (pleuroca^om), usually raised on a seta (fig. 459, a), covered 
at first by a c(dgptra^(d), ultimately naked, then bursting (rarely) 
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irrcj^ularly, or by the separation of a lid {oj^erculum, /), leaving the 
free margin of tho capsule naked {ffymnoHtomom) or fringed by a 
single or double row of teeth {perhiome, e, h\ -whose number is a 
power of four, and which are free or combined by lateral processes ; 
sporunges wdth a central cohimella (e') and no elaters. 


Plmscum, X. 
Grimmia, JEhrh. 
l\'trHpliis, Ilvdw, 
Splaclinuiii, X. 
Dicraniuii, Iledw, 


iLLrsxnATn’E Genera. 


Tricliostomum, Hedw, 
bmcalypta, lledw. 
iJryiim, L. 

Ikirtraniia, Hedw, 


Fimaria, Iledw. 
I’olytrichum, X. 
Ilyfmuni, X. 
Foutinalis, X. 


Tho Moss(is have throad-liko or wire-liko stems, -which are either simple 
or branch (‘d ; tho former art; erect, 
and terminate in fruits ; the Latter 
generally creep, and produce spo- . 
rangi's from the lateral shoots. 

I'lniloaves are small and scale-like 
though grcioii ; mostly spirally ar- 
raug(‘d, but in one tribe, the* Tlypo- 
pieri/tfivte, they somewlial resem- 
ble those of ' .Tungenuuhhiacejo. 

The leaves coiiccriiod in Ihd for- 
mation of the fmit-buils (;?m- 
vhwiial leaves) are often modified 
in form, and oorri'spond to the 
bracts. 'Ihe natheridia and *//•- 
clieymiia are produced either in 
teiminal buds or in the ttvils of 
stem-leaves, togethe.r or se^ia- 
rat(‘ly,and often in distinct plants. 

From the archegonium, the oufrT 
part of which is a flask-shaped 
membranous sac, a.ris(‘s the spo- 
ranye or ///mz, which in its growth 
tears awaj' the wall of the arcbe- 
gonium, leaving the base a kind 
of collar (vayimde^ fig. c), 
and carrying away the ni)ptir part, which becomes more developed, as a 
cap or hood {ealyptra^ d) ; this more or less encloses the mu-shaped spore- 
case until it is mature (lig. 460, A) ; the sporange is either stalked or 
sessile ; its stalk is called the. seta. When the calyptra falls oil*, it exposes 
the sporange or capside (6), which in most cases has a deciduous lid (oper- 
culumj f) j when the lid falls oil*,' the border of the mouth of the capsule 
is found either naked or furnished with a single or double fring-e of teeth 
(peristome^ e, h) ; and a circular piece, cdled the anmdns, sometimes aepa.- 
mtes from the end of the colum^ in this situation. The number of teeth 
in tho peristome is either four or some multiply of that number, as eight, 
sixteen, &c. A striking peculiarity of the capsule of the Mosses is the 


Fig. 461). 



Organization of Mo8B(!B A, PotyMchum itloide/t, 
natural uizi* ; 6, its capMulo, with o)U‘rc!nlum in 
«ifu^ and calyptra (rf) dfliichcd; c, Ihi^ buMc of 
tlic Beta, with the vaginuJe; a, capsule, with 
pi'ristfiTnc.and, e\ a section of the same, sliowing 
the culuniella; f, the operculum of e; teeth 
of the periBtoiiie, from tlie mouth of e; i, sporeH, 
on the same Bcuio of ampliflcation us k. 



422 


STSTBMATIC BOTANY. 


existenoe of the columella, or stalk-like process rnnnin" up the centre of 
the cavity of the sporango (t/). In what, are called Astoraoiis Mosses 
there is no deciduous operculum, and in Phaannn the capsule l)iiv.sts ir- 
regularly ; the columella is soiiietiiues absorbed here, while the spores arc 
ripeninp; ; in Amlrtm the s])orange opens by four lateral slits, the A'alves 
remaining attached at the top. The 8001*68 of the Mosses are simple 
double-coated cells, like pollen-grains ; tliey occur alone, and never ac- 
companied by filaii^ntous bodies. 

The Moss(js often produce gemma; or reproductive leaf-buds analogous 
to the bulbils of Phaiierogamia : they occur both on the stems and on the 
leave.s. Tlnw form frequently also small confervoid Hlanieiits at tlio base 
of the st(*m from which gouidi«n-ljk(i bodies separate ; and, a(*eording to 
Dr. Dravton Hick-s, zoospor(»s like those of Algie ai*e formed from the 
chlorophyll-utricles of these fihimente. 

Affinities, &c. — The charactt;rs of the anthoridia and avchegonia, the 
sexual reproductive organs of Mosses which give rise totlie fruit, are noticed 
above ; their mode of occiin*enc(* enters into modern descriptions of g(mera 
and species. The Diyaceje, as limited in the above diapriiosis, are closely 
related to Andiveacem and Sphagiiacoie, commonly includt^d among true 
Mosses ; the former Order connects them witli Ilepaticjc, hut the affinities 
of Sphtfimim beyond Drvaceso lU’e obscure. The Mosses have no distinct 
allijiitios with any Crvptogamous Class (*.vcept the Tlepalicfc. The Hry- 
acoa; are nunu;rous, and present a great variety of stnictiire very interesting 
to microscopists ; they are generally ditfused, most common in temperate 
dimafes ; and their chief importance, perhaps, arises from their keeping, 
with the Lichens, the outposts of vegetation, at the Poles, on mountains, 
or on ban'en rocks. 


OKDer CLXIX. SPIIAGNACEyE. Bog-Mosses. 

Class, Musci, Endl, AU, Muscales, Lindl. 

638. Diagnosis , — Aquatic or hog-!Mosses, of peculiar yellowish-green 
aspect, with spirally iuibricated (5-rowed ) leaves and fasciculate branches, 
the lower of which are long and deflexed, while one of the upper is, in 
fraiting plants, replaced by a sporange, with a short turbinate seta, de- 
hiscing by an operculum, destitute of a peristome, and possessing a short 
columella and no elaters among the spores. 

Ilbustbattve Grnus. 

Sphagnum, DUlm, 

Affinltl0i^ — ^This genjis differs very much from the Bryacese in 
habit and in the structure of its leaves, 'which are well-known as curious 
microscopic objects, the * chlorophyll-bearing cells being slender and 
elongated, connected in a kind of network in the interstices between large 
empty cells, whose walls are strengthened by a spiral fibre : this structure 
causes the whitish or yellowish-green colour peculiar to them and a few 
other aimilarlj organized Mosses. In addition to the fiiscicukte mode of 
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brandiiiigr (really formed by successive members of a spiral series), the 
Sphttfpm have aiitlieridia like those of Jimtjennnnnia, {>;lobo.se stalked 
bodies, and not sessile- tiibiiliir sacs.' There appears, moreover, to be some 
peculiarity in their spores, since they have been observed to ocTur in some 
cases of more than the onlinary size, and» fewer of them in a capsule. 
Tliis Order is not a little, remarkable for the share which it takes in 
covorinp: bops and f^i-adnally funiishin*' material for peat, tlie lower 
pai’ts of the stems oontinuallv d^'ing away below ^hilo the summit 
ascends ; the descending low’d’ branches of the fascicles, which npp(?n.v to 
sup])ly the place of roots lujro, bind the whole into a compact mass. They 
abound in cold anfl teniptjratc^ climates in boggy places, fiiruisliiiig an 
article of food to animals, and even to man in uoi^bem regions. 


Order CLXX. ANDRiEACE^. Split-Mosses. 

Clim» Musci, Emil, AIL Miiscalcs, LtndL 

ooO. T>i(iffn(ms <, — Cmspitose Mosses, wdtli erect stems, imbricated leaves, 
and teiininal fruit, the capsules destitute of a seta (sessile on the receptacle 
where the vagimilo avisos), bursting vertically into four valves wdiich 
remain conni'cted at tlio apex, possessing a central columella and spores 
not mixed with elaters. 

Tlt^strative Genera, 

Andrma, Ehr, | Acrochisma, Hooh.Jil, 

Affinities, Ao. — Acrorhlmm^ a genus from the Antarctic rejrions, has 
the valves separated only halfway down, thus connecting this OWer with 
the Pliasve{p among the Rryacem, in which Archidiinn, like Andrtpa, does 
not chjvate the sporange on a seta, but carries up the calyptra simply by 
expansion of the capsule; on the other hand, the 4-vnlvod dehiscence 
agrees with that of the .fimgermanniaceae, where, howtjver, with other less 
important peculiarities, we have no columella, but ^elaters mixed with 
their spores. The species are native of mountains and polar latitudes. 


Order CLXXI. JUNGERMANNIACE^. Scale-Mosses. 

Class, Hepaticas, Endl, Ad, Muscoles, Lindl, 

640. Diaynom , — ^Minute creeping plants with small green cellular 
(scale-like) leaves, imhricately aiTonged along the axis in two rows, often 
vnth a row of imperfect leaves {amphigastria, fig. 460, d) on the under- 
side ; or with the stem thalloid, i, e, forming a lohed leaf-like mass. The 
sporanges are oval capsules breaking through the summit of the calyptra, 
raised on a thma^-like seta, and splitting vertically when ripe into 4 
valves, which separate more or less widely into, the form of a cross (fig. 
460, b), scattering spores mixed with elaters, destitute of a columella. 
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Illfstbatiye Genera. 

Metzgeria, JRaild, Fnillania, Nees, Geocalvx, JVtvs. 

lHasia^ Mkh. Tncliocolea^ Necs, | Juiigerinannia^ DUh 


The Juiigermanmacct'e (or foliaceous llepaticsR as they have boon 
termed) have shmder ramified (rret*ping stems like those of brtinched 
Mosses, being mgre deli(!ate, with 
leaves imbricated in a distichous 
manner, so as to give a flattened ^ 

character to the bramrhes (flg. 4t»0, 

Ji, (7). The anthvndin and arclwtfo^ y 

nwi arc produced on these stems; and ® ^ 

from llus latter are developed tin? 

which are surrounded at llie 'j % f* 

base by modified and jB LJ jh 

(jonial leaves, and by a rttf/inuiv (fig. 

4()0, B, a), which (iiiFers from that A 

of the Mos8(?s in being the cnf ii*e sac 

of the archegonium, no hooded ca- 

lyptra being cairiod up in the? J un- /s 

germanniaceae. The is some- ^ 

times called ca7t/ptrd, and sometimes 

epipime ; the circle of leavers, often 

confluent, surrounding it, form the 

perifjoncn perianth^ or involucel ; and 


on thread-1 ike stalks and^vhmi oi’ thi- Jimfy stiMn of Ju tgermannm umltruHa^ 

mature split nearly or unite to 
base into four teeth (ng. 4U), o), 

which spread out more or less and set free the spores and elaters (c). There 
is no columella. 


Amnitles, &c. — The genera of this Order, formed out of the old genus 
Jtmtfermannia, prestpt a considerable variety of conditions, both as re- 
gards their vegetative structure, which is idther frondose or foliace^ous, 
and the minute details of the organization of the ealyptra (ppigone), with 
the inmlmel (perianth or perignm) and the involtwre (pencheetium) 
which surround it. They approach the Mosses through Andmeaceje ; 
with which Anthoceros is still more nearly allied in the possession of a 
columella ; but we have here a higher condition of the vegetative organs, 
nearer that of Mosses. The Juugermanniacca) are found in shady woods, 
and moist situations, throughout all regions of the globe, most abundant 
in damp tropical woods. They have no important qualities. 


(Anthocerotejb are distinguished from the frondose forms of .Tun- 
germonniacesp by the absence of an involucel (pm'igons). The antheridia 
and archef^ia are produced in cavities excavated in the thalloid stem ; 
a^d InW %e archegonium springs a thread-like or pod4ike capsidej which 
s^tiii- down longitudinal^ into two valves when ripe, ana displays a 
and has both ^ores and imperfect eliders,) ' 
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Order CLXXII. MARCH ANTIACE-®. Liverworts. 

Class, llcpaticoe^ EM. AU. Muscales^ LiM, 

541. Euujnosis. — (Fip. 401.) Minute green plants, with a stem in the 
form of a lobed, leaf-like, cellular expansion, rooting by capillary fila- 
ments below, with an indistinct midrib ; the sporanj^s dcpc'nding from 
the underside of a capitatti or radiate receptmdo supported on a stalk 
arising from the on the under surface, of the lobes of the frond ; 

the sporanges biuvling by teeth or irrt‘giilar fissiues, containing elaters 
mixed with the spores, but no columella. 

Ijj.ttktrativk Genera, 

Fegatella, TSmld. | J^lagioehasma, Lehm, | Marchantia, March. 

The Thalloid llepaticui have a broad, more Fig. 401. 
or less succulent, lobt*d, leaf-like expmisioii in 
place of stem and leaf (fig. 401); tins is to be 
regarded as a foliiiceonsl}' devc'loped stem analo- 
gous to that of Lenmn among the riianerogamia. 

'flui Iruits borne by tlu^ thalloid forms are very 
varied : the VeUiete^ or frondose »l uugonnunuiacese, 
bear capsiih's like those just. described, but ansing 
from the midiibs of the thalloid stmii ; the Autho- 
ccTotem, Ricciea), ojpd Marchaiitiacero are very 
dilfereiit. 

The thalloid expansion of t^he Marchantiacom 
sends up stalk-like processes from its laaiginal 
sinuses (fig. 4(51, A), lerminating in simple or 
divided cap-shaped bodies {jevcptacles), on the 
und(*rside of which are found the archetfonia] 
the anther him are in distinct heads; the arche- 
gonia devclope into sporanges or cajmules {/>), which 
usually burst at the apex (c) into four teeth, some- 
times into eight; in certain genera a lid separates OrganiKotion of Marrhanti- 
by transverse dehiscence, and iii others the spo- «cc*bb:--A. ifrtrcAt/«//o/»o- 
range bursts iiTegularly ; the sporange has no eolu- tm!l? of*fndt"”6; vertiuS 
mella^ an<l its spores ai’e mixed with elaters (d), Bection of tlio receptacli*, 

The IlepatictB pi-oduce collulur bulWb or gem- ^ 
mm. 1 hose ai'e especially remaikahle in some of ran^c bumting. its 
the thalloid fomis, as in Marchantia, where they 
are developed in groups in special cup-like recep- Hghiy^iS^fied.*^*^ * ^ 
tacles. 

Affinities, Ac. — ^This Order is especiall}' characterized by the existence 
of a stalked “ receptacle ” bearing the reproductive organs, which, unlike 
the stalked sporanges of the allied Orders, is not a product of the arche- 
gonia, but preexists and hears these, distinct receptacles being produced 
for the antheridia. The sporanget^ with the calyptra, involucel, &c., 
are foimed in groups from a number of arcbegdnia, oeveloped on the re- 
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ceptacles ; this structure distiu'ruishes Marchautiftceie at once from Jun- 
^rmanniaceiB^ and from the frondost? Iticciacefe, which have the pporangcs 
immersed in the frond and devoid of involucres. The Marchautiaceas 
grow in damp shady situations^ occun’ing in all climates. 

• 

(RicOTACKiE are inconspicuous Marchnuth-Vkiy Idverworts, prowing 
in mud or floating on water, having a d<dit;ate cellular leaf-liko ‘‘ liimd,^ 
with the sporanges, wil bout aii iiivolucel or involucre, iiumerstHl in or 
sessile on the frond, bursting irregularly, and containing no olaters. The 
antheridia and archegoiiia are also iiuliedded in the substance of the 
thalloid stem. From Anthoceroteie they dilfer in, the absence of a 
columella and (»f rudimentary elaters. They are interesting as exhibiting 
the lowest type of organization in the Class to whieb they belong. They 
are geii(*rally diflused, coiu]n'ising8 genera, with about 28 spcicies. Genera* : 
Ricckij JVIicli. j DurUea, 13. and Mont, j ^^phffirorarpmj Mieh.) 


Order CLXXIIl. CIIA11ACEJ5. 

¥ 

Clans, Algm, Endl, All, A1 gales, Lindl. 

•'542. Diaffnom, — Water-plants having verticillately branclu'd shmis, 
rooting more or loss at the joints ; the stoma either aiinplo tnbe^ or witif 
the central tube dotlied by a cortical stratum of smalbjr tubes which grow 
over the internodes from the top and bottom and inoot so ns to on vf dope 
it. Reproductive organs of two kinds, found on the whorls of branches : — 
(1) axillary oval sporangia (mtcidvjt)., consisting chit*fly of a central c'ell 
with a cortex of spirally wound tulles ending in a crown ol* ttjeth above ; 
and (2) little globular antheridia sessile on the brancbt?s, 

bursting when mature into 8 triangular val ves, tluj centre of each valve 
bearing a stalk wlumco arise microsco])ic, jointed, contervoid fllaments, 
each joint of which gives birth to a 2-cilintod fllaineutous spermntoz()id. 
The nucules fall off, germinate, and produce now plants. 

Illustrative Gexi':ra. 

Clmra, L, | Nitella, Ag, 

Affinities, & 0 . — ^The true relations of this veiy interesting group of 
plants form a subject of debate among botanists : as n'gards tlu? organi- 
zation of the stems, they do not rise above the condition met with in 
Pohjsiphimia, or twen Batravhospermnm, among undoubted Algae. On the 
o ther liaiid, their vegetative structiu’e has the power of reproducing the 
plte l)y bulbils dey^ppea on a. iar higher true than the pi^iuu-v 
c^ular gemma) of the lower plants ; further, the presence of disfinctly 
formed roots growing from the nodes seems to show that they are really 
Cormophytes, in which, missibly, the leaves are represented by the corti- 
cal niaments of Chara, From the organization of the reproductive organs 
t^en alone, little hesitation can be felt in associating the Charoceoe 
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with the Vascular Cryptogams, the sperm atozoids of which are exsctljr 
represented in the products of the globules, while this form of the ferti- 
lizing structure does not exist in the Thallopliytes ; and the nucule ” 
must he regarded ns a representative of the nrelicgonium of the Mosses 
&c. (see Physiology). Tlie gi*ow in stagnant water, fresh or snlt ; 

and many of them acquire a dull aspect and brittle texture by becoming 
iiicnistecl with carbonate of lime, apparcuiily precipitated from calcareous 
matter in the water, since it is often dciicient in cultivated specimens. The 
unincrusted kinds, the simple tilings of Nitelja^ and the young shoots gene- 
rally are well known as objects displaying in a beautiful manner the rota- 
tion of the cell-sap, jvhicli takes place in every pait of thescj plants. The 
ahundant protoplasmic cell-contents cause these plants to give otf a veiy 
oliciisive odour when decaying. The species (^ccur all over the world, 
most commonly in tcmpcu-jite climates. They have no known uses, and are 
regarded as inixious from their smell when undergoing decomposition. 


Division TI. OymnosporaB (Thallophyta). 


513. Cryptogamous plants producing in vegetation a thallus, 
s^i np; jip o p nos ition of asconding and doscondiug axis, .or contrast 
f^^TfSand Jou3l ! anthf^rozoids never STiiral : ronroduced bv snores 
'svliicli arc produced in iiareiit cells, either forming part of the vege- 
tating thallus or groVing iqion the surface of detinitc regions of the 
thallus devoted to reproductit n. gnogg gjiot nrodiicing p. nrothallus - 
but reproducing the jilant immediately. 


These plants convspond to the* TJiallogens of most authors; their prin- 
cipal points of distinction from Angio^iorous Cryptogams ai*e above 
given. Tin* vegetative structur(?.s of the plants of this group, which form 
their pi-iiicipal bond of connexion one with niiotlier, and their most 
striking character of distinction from the higher plants, present a gi*(;at 
variety of conditions within their owm limits. Tin*, thallm is a purely 
cellular expansion, presenting no (loiitrfist of |tarts analogous to that 

(li?aves and their modifica- 
tions), which exists in the higher plants; hence they are necessarily 
devoid of true buds. A special regularity, however, and a determinate 
direction of growth are inanifested more or lesa clearly in all cases, giving 
definite and characteristic forms to the thnitm. Tliis is the case even 
^ en t| m thallus is reduce d to microscopic filaments, 

"^i^ ^ligate^aiicl sprt^illn cletmnmSlWffi ^ 

mihut5"mit^rtJllU«STH UlU thfe^i^oS 

the yegetal[>le-«^iigdem-f^ mio rooe ey o aiwi ootiga iaon-; Jbut cei^am 
broad distinctions may ba»laid^own, suifiawat for Jiie general discrimi- 
nation of the classes m the more perfect forms. T^Jower forms of tlj^^ 
three classes of ThaJlophyta approach veiy closely m their characters, on 
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account of their great simplicity of organizatioS; wiiich excludes the 
possibility of many dilferential characters. 


Fig. 4G2. 



Alpie.— A. Oseiflaforia auinmnaliti : from the Hhcath, ft (ma^. SOO (liii- 

inptpprs). ‘B. Deftmidicti'-l «, Pedwf<frtnu liftri/uinnn ; ft, Cotimarinm mttrijarUifemm (200 
(iium.): c, Clottfei'iitni Lvtnda (iW diam.); .d, ChttfariitHi acpro^nm in poiijiiptition, with the*. 
rpHoltinp (200 diam.). C. Dwtonuu'pte i a, Uwfown mitjare; ft, end vipw of a oell 

(200diutn.). D. Volt>ociM<ex Fandorina Mimim- dvuxa..), £. Botrydiwu granulatum 
(15 diam.). 


Class I. HYDROPHYTA oe ALG./E. 

544. Gymnosporous Cryptogams 

exposed to the light, extremely vaSaDlein size, form, colour, and 
texture, free or attached hy root-like organs, sometimes unicellular, at 
other times having a branched pseudo-stem and leaf-like appendages, 
sometimes of large size, but exclusively cellular in structure and 
destitute of stomata. 

fgrq^^ tion of «zo oB^&7 " lieproduction or format ion of 

"es. eflecteil I ^ 

.onoBciojLsYor on different 
yn|a| J^dioeciQuy) . bpores rngBSoTess, yptayv. or in cfroups of four 
in aT sinsde sporangp. 

The most familiar eximiples of this Class are the Seaweeds ; but it also 
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includes a great number of plants found in fresh water and in damp situ- 
ations, many of which are altogether of microscopic dimensionii, and in- 
visible, except in quantity, to the naked (jye. 

The lowest forms, the PalmcUecCj consist of simple cells, of most varied 
shapes, usually found conm.'cted together in detinite or indelinite masses 
by gelatinous excretion or products of the decomposition of the older 
cells (fig. 4(>'5, 3i, «). The individual cells, each often representing a dis- 
tinct plant, are characterized by a w'ondtirful diversity and, in ctulain 
families, beauty of form, as in the Desumtiivcfi and Diatomaveee (fig. 402, 11, 
C ) ; st)motiine8, as in the V'olvocincim, they ai*e provided with vihratile 
cilia, and (»xliibit an active spontaneous motion (fig. 4()2, T)). As a rule 
their colour is gmeii* an important exception to this being formed by the 
DiatomaccePj which liav(5 another speciai peculiarity iiijbhe existence of a 
siliceous d(»posit in their w^alls, which remains as an ind^tructibl o ^ elftog 
afbir the decay of the organic matter of the plants. Some of theseTbwer 
Alg.*e are found of red colour ; hut in many cascis, at h^'ist, this colour is 
only cliara(fteriatic of certain stagers of growth of kinds which are green 
■when vegetating actively. It is very probable that most of these so-calledk 
unicellular or pst*udo-uuiccll ular A l gte are^ really not independent or^n-. 
isms, bill stages of of^'SdblSiWIiPplaiit, piirhaps of much higlier 

structure. Thus there is i’(?ason to think that tlieso unicellulaFljitaiSf 
may not only he stages in the development of Lichens, but even of Mosses 
(see p. 422). Onii reuiiukahle point in their history is the length of time 
they will persist unchanged ; but imder alteTOd circumstances it would 
appeal* as if they were developed into Lichens or Mosses. 

A step forvs'anl in coiiipli?xity of organization is made in the filamentous 
Algm, composed of cylindrical cells attached i*nd to end, and thus forming 
long jointed tubes, either simple or more or less brnuidiod (fig. 4(55, A, ( ■); 
the (.^onfiUToideie and their allies, the " sillc-w'eeds «)f freshwater pools, 
ailbrd familiar examples of tl.;s structure ; these grow at the extremity of 
the filaments, or interatitiiilly by all the joints elongating simultiuieously. 

llie Ulvece have a thallus where growth in breadth is added to that in 
length ; some of them also aec^uire a certain thickness ; in this way they 
become leaf-like expansions, of membranous texture. They grow by ad- 
ditions all round the margin of the antoiior part, often lobed or dinded, 
but of homogene.ous tissue throughout : the form and dimensions of the 
thallus become more or less definite here } t he co lour is mostly green, as 
in the Cmfemffdefn. 

Themed Seaweeds or Rhod^ermeae exEibit almost every possible 
form'bet^ifeen that of Om branched fi5,inenttus thallus and that of a highly 
compound or dissected leaf (fig, 4(»3, A), or a shrub-liko collection of firm 
branches ; and moreover the texture of the thallus varies from a simqily 
membranous to a cartilaginous or even horny substance, caused by greater 
development of the cellular tissue, which in the higher kinds exhibits a 
disti^ptipu between the cortical or.epidenufdLlayer and the internal spongy 
• parenchyma. The OoraHineB, which belong to this ^up, acquire a stony 
character from the deposition of carbonate of lime m thbir cellular tissue. 
The colours vary in this Order; they are red, purple, brown, olive, &c., 
but never pure green, liko'the Confervoids,'' 

The OliveH^moured Miweeds, indudihg th^|ucacetg (of which the 
^^Bladder-wrack” is tiie commonest eimmple), aiJFffiaers ot very different 
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organization, the Phreosporeae and Dictyotaceae, exhibit a similar grada- 
tion of form in the thalliis. The lower forma of Phajosporere present 
tufts of branched iilaimmts; < V-highttr of these, and the Fiicacem, 
have thick leaf-like or stem-like fronds of firm texture and sometimes 
enormous dimensious ; many of them have a slirubby habit of growth, 
and attach themselves to stones &:c.. by discoid or branched expansions 
from the base, resembling superficially the roots of the higher nlaiits, but 
having no similar function or anatomical cbai'acter. The thallus of the 
larger forms is highly developed as to its tissues, having a distinc^t cortical 
layer; but the striurtim^ is strictly cellular, without a trace of woody fibril 
or vascular chunents. The colour is h(‘re usually olive, brown, or some 
dull tint of green-brown ; nevt'r bright green, as m the (.k)nfervoids. 

^rim reproductic^j tiof the ^Vlgae taltes place in an a lmcgt in finite; diversify 
offflboegj wluck can (mly be treated of very gent>rally here, as many oF 
tneiiiinvolve the necessity of a Lhorougli knowledge of the elementary 
structure of plants. These matters will be again riiferrc'd to in the Phy- 
siological part of this work. 

. VegtJtative ro])roduction assumes a vei*y important place in the inulti- 
pliSition of all Thallophyta. Throm^ it is jft constant nlu j t- 

nomenom and one illuatratiug ver^eautifully the physiological homo- 
pneSTof the thallus. 

TIu 5* lowest forms multiply by dividing into a number of cells or grains 
;jrhich gjH)w up to the dimensions of tlu* parent ; this occurs as the ordi- 
nary modii of growth, her(» confounded with reproduction, in the Palmvllvce 
(fig. 4(15, B, h)f Ikftimdkoif Diatomame (fig. 4(52), &c. 

In some of the unicellular Algae, as also in the ConfiTvoide®, a process 
call(*d conjngation” occurs, which is by some considered a sexual pvo- 
C(‘ss, while others look on it as a mere torm of bud-growth. Two cells 
come into proximity, a coraniimication is estahlished from one to the 
other, the contents of the one mingle with those of the other, and fomi a 
spore (fig. 4G2, 13, <1), 

But another still more rcniavkable form of vegetative reproduction 
extends from these up to the highest Algjc, namely tht) reproduction Ly 
zooHjwm. This consists in the conversion of the semilluid contents of 
individual cells (the endochi’omc) into distinct corpuscles, and thi; ex- 
pulsion of these from the thallus % the bursting of the parent cell-imun- 
bniie(fip.46d, C, J); ^eae corDBaelM ^ tilled ^with jmen or ol^v^- 
[Coloured matter^ exyent^pne end, which la. provided withmE i^ and is 
BomSimes spoken of as the The cilia are excessivomniiiute, 

and vdry in number in difterentgenera ; sometimes the whole surface 
of the zoospore is covered by them. These zoospoi’es are usually emitted 
at a fixed hour in the morning, as the result of an endosmotic action which 
causes the cell-wall to hurst aud set free the zoospores ; sometimes before 
their liberation they are seen to congregate in ofte portion of the cell, and, 
as it wer(!, to strike against the cell-wall and cause its rupture. Their 
activity seems to be directly dependent on the influence of light. After * 
moving spontaneously for some time, the zoospores lose their cilia, become 
encysted, and grow up- into new thalli. In some Algae, moreover, there 
are two sorts of zoospores— large ones, called smaUer 

ones, caUedjgjpjgj^l^lj^ Priupheim even deBmoesTfoSm of zoospore 
wiucmiiaB mMacu^^remainmg dormant for long periods, and even of 
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resisting desiccation for several months, at the expiration of which time, 
if circumstances be favourable, it germinates and mrrns a new plant. To 
such zoospores the name of has been given. The fonna- 

tiou of zoospores may take all of the cells of the tljallus 

of the lilameiitous and foliacc'ous confervoid ; it occum in certain definite 
parts of the thjillus of the Phseosporeio, where there is a diftereiice in the 
constituent tissues. It has not w^en observed in the ll(?d Seaweeds or 
t)je l)ictyola(!e«t* — ^u'here, liowcver, a distinct kind of organ is found, 
c»ll(?d a irfrunpore (tig. 15, c), which appeal’s to be the reprc^aenlativo 
of gemmiparous reproduction, — nor in P'ucacoie, wdiere the only known 
kind of reproduction is by sexual oi’gniis. 

Sexual reprodiictuui has Ix^eu made out clearly in Algfo belonging to 
tlu! Confervoid and Fucaceoua groups, and recently in the llliodospenncie., 
^J'ho Phajospcn’o.T at prescuit are only known to produce sdo>iporvs, "The 
essential phenomenon throughout is the cmissicui from an anthendimi 
of anlherozoids which endowed with a power of locomotion, and 
ultimately come into contact with a cell, ■which, in consequence, develops 
into a spore, wJiich may he one of the ordiuai’y C(?lls of the thallus set 
apart for this purpose, or may b(' contained in a special fruit. 

In the Conlervoidcia}, where the sporeS' are dev eloped from ordinary 
ct'lls, then! are no special reproductive organs ; the spores formed in th6 
impregnated cells acquire* thick coats (fig. 405, A, c, c/), usually assume a 
red or brown colour, and are set frt*c by the d»*cay of the parent cell. 

Ill the Fuciujcjo tlu* fructification is limited to definite piu’ts of the 
thallus. In Funt« or llalUlnjif (fig. 4(34), which may be taken as ex- 
amples, the reprodnctii e stnicturos are formed at the ends of the lobes 
of the thallus. Externally the. l(»be (called the jjccjgJgcM presents a 
thickened appearance, nuirkcidwith nunic*roua diatiifflconTices( fig. 4(54, «); 
these, orifices lead to chambers imbedded in the thickness of the tliallus 
(yullcdeojliwf^^ hearing on their walls cellular sacs of two kinds — 

oui5, thTMmge]^^«rc-w?<!s, c), containing the spore-gernis, the smaller 
((mtlwridiiiy c) containing fiprnturfozuids (d^ or impregnating corpuscles; 
both kinds of sac burst and disclioi’go thuir coiitonts wlieii ripe, and the 
sport^s are fertilized and encysted' while swimming freely in the water. 

The Rhodospermeas and Dictyotacem, besides tetranporcHf have spore’^ 
sacH and mUheridm, mostlv collecjted in “ linits of definite form, some- 
times in patches or lines (sort) on the surface of the thallus, like the sori 
of Ferns, sometimes imbedded in definite groups* in its substance (called 
/tf/'c/Ztcl^^ometiines projecting more or less from the surface or margins 
of the thallus (fig. 413J3, 1), </, E), wdien they are naked or siirroundcHi by 
a gelatinous or cup-like involucre {fnvvllidia^ coccidia, ceramidin). The 
untheridia arc usually found anniiged in groups in similar situations 
(fig. 403, F, d ) ; and *th(j tctranjjpreH are either scattered or collected in 
fruits analogous to those: containing the spores and antlicridia (tig. 403, 
B, c). Tlie antlierozoids are immobile, and fertilize the ^orange by 
moans of a special tube projecting from the latter and calledTtho 
ffym. Transformed branches containing imbedded tetraspores are called 
stichuUa, The sexual organs are otlen found on distinct plants, w^ich are 
thus dioscious. 

^ Further details respectitig the reproduction are reserved for the Phy- 
siological poi'tion of this work. The definite chkracteis of the Ordeia of 
Alg80 are subjoined. * 
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545. Harvey divided the Alf?8B into 8 groups, which he named, 
respectively, Chlorospcrmcac or grccn-spored Algic, Melanos^)crmea[> 
or olive-spored Algse, and ]y|gjyilllligilll^ or red-spored seaweeds, 
the subdivisions being tlius founded mainly on the colour of th(^ 
spores. Decaisne’s classification nearly coincides with that of 
Harvey, so far as the limitation of the group is concerned ; but it is 
formed on a more philosojdiical basis. As modified by Thiirct, it 
stands thus : — Zoosporeae, with moveable spores ; Aplosporeac, wdth 
green or brown motionless spores ; Choristosporese, wdtli red motion- 
less spores developed in fours. ^ 


Order CLXXTV. HIIODOSPEKMEiE or FLOlUDE/i:. 
Red Seaweeds. 

Cte. Algie, Entll AIL Algales, Lmdi. 

546. DIat/hosis, — (Pig. 463.) Miirinc Algne, mostly of red, purple, 
rarely olive or brownish colour, with a thalliis cither foliaceous or 
of branched filaments, sometimes incrusted with carbonate of lime. 
Reproduced by spores (e) formed in special sporangia, which are 

Fig. 463. 



OrgaaiMtion of RhodospcrmecB: — ^A. Part ci & thaUna ,or frond of Zaurenda pinnaiifida 
B. A macnifled fire^ent of a lobulo with rtichidia containing tetraaporca like c, a more 
magnified figure. D. Lobule of the frond bearing oeraraidia or spore-conoeptaolea : d, the 
sporei. E. Bporea firom same, more magnified. F. Lobule of a finind bearing anthe- 
ruUa, a. 
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O7thor supiTficial or plunged in the frond, and contained within 
s])t^<jial cavities or “ concej)taclcs ” (n) of varied form. The sporange 
is provided with a special tube, or ** ^ri^homnul ^ by means of which 
it is fertilized bj’^ the anthcrozoid ; accompanied (wtheridta^s), 
containing a single motionless antliorozoid without cilia, and by Utra- 
sj)orcs (n, (?), collections of 4 cells formed in special i)arcnt cells in 
similar situations to those of the spores. 


Illusthative Gene ha. 


Siibovd. 1. ‘nnoDQMEnE.E. 
Itliodomcla, Affh, 
l*olysij)hoiiia, iJm\ 
Subord. " 2 , Laujiexoieje. 

.1 jaiuejic-ia, Lnmx. 
(hmot'hulia, Oreo. 
Suben-d. A. CoUALLTNEiE. 
(Jonillpui, Tounwf, 
Melobosia, 'Lam:i:. 
Subord. 4. Decessehif.^. 
J)L'lcss(’nii, J4am.v. 
Vlocamium, Orev, 


Subord. o. SriiJEROeoccEJE. 
Plocaria, iVVes. 

Sp] I terococcus, Greo, 
Subord. (5. CllYPTONKMlEyE. 
I'hyllophora, Grev, 
Clioiidrus, Grev, 

Subord. 7 . Ceiiamie.e. 
Callithiininioii, Lynyh, 
({riihtlisia, Ayh. 
Ceriimium, Adam* 
Subord. 8. ronpiTYiiEjB. 
T*orphyra, Ayh. 


AffinitioB. — In spite of the varieties of form presented in this Order, 
tluTe is so close an essential agi*eeuiei>t in thi*ir organization that they 
distinctly uppear us lueiubers of one natural group, 'v\'ith charact(;rs whose 
v^ilue is only (*(piivalent to that of some of the subdivisions of the groups 
I'licoidi’se and Conlervoidcjc of Harvey mid others, with which they ai*o 
usually placed parallel. The t haracter of the spores seems to be the same 
throughout, although the fruits in which they are contained offer several 
succe.ssive degrees of complexity : \hfd favclhe of Cvramietf^^ and tlie/crw/- 
Udia of Cryptonvmivffi^ immersed or siiperJicial groups of spores surrounded 
by a hyaline coat — the covcidia of iJelrusenvfej hollow cases with -thick 
membranous walls, containing a dense tuft of spores arising from a 
central peduncle — and the c(-ratmdia of Volyaiiihonia &c., ovate or um- 
sliaped cases with thin and membranous walls, having a tuft of spores at 
tin; hast* — all the^c are but slight iiiodiiications •f one (the concoptaeular) 
kind of fruit, which produces the ti-ue spores. The various modes of 
arrungi'iiuint of the teirasporeSy which appear from Pringsheim’s ohseiva- 
tions to he yomdiaj or geminulary bodies, since they grow up at once into 
a new thullus, while the other spores do not, the scattered arrangement, 
the Hori or detinite groups, and . the atichidia or metamorphosed branches 
enclosing telriuspores, have a like relation ; and an analogons relation runs 
through the modes of arrangement of the anthmidia, which, it may he 
mentioned, are rarely found in the sanie individuals of the species as the 
spoi'cs. The antheridia discharge minute spherical corpuscles, to which 
the best ohser\'cn3 deny the power of active motion, as is the case in 
regard to the spennatia of .Lichens and Fungi; but they are generally 
supposed to have a fertilizing function (see Physiology). The simpler 
forms of thallus occurring in this Order relate it to UlveeB and Coufervoicha, 

V 
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while the existence of tetrasporcs, globular spores, and antheridia in the*' 
Dictj'otacosB makes that Omer foiiu a direct U’ansition to the Fuca/^etc. 
The mode of fertilization, by means of the antherozoids, and the tricho- 
gyne, is described imderthe head of Reproduction. 

"Distribution. — The Red Seawiieds are generally diffused, but diminish 
from warm temperate Istitudes botli to the equator and the poles. Tliey 
occur in deeper water than the Olive Seaweeds, and below tide-mai-ks, 
flourishing best in quiet bays. 

Qualities and Uses. — Tlie abundant gelatinous or horny substanqp of 
the thallus of many kinds, composed of a moditication of cellulose related 
to gum and stawib, renders tiKUii nutritious: Chmulrm crispm is the 

CaiTageeii or Iiish Moss ; JRhofh/mcnia palmatUy L idrea vdtdisy tuid other 
plants of tlie Order yield a similar excellent jolly when boilijd. Plocaria 
Uma.r is largely used b}^ the Chijiese for mating glue. Some have pun- 
gent qualities, as Laureima jmnatiJUhy called l^q)per-dulse." IHovana 
Melmuitlmdiorlony Oorsieau Moss, has the reputation of bij^ug antlud- 
niintic. The CornlUnece^ including common Corallines {Corallina ojfici- 
nalin) and “Nullipores’’ (JMddbesid), long supposed to be of animal 
nature, are very curious on acctmiit of their complete inteiiienetration by 
carbonate of lime, giving them a brittle and sometimes stony character. 

(Dici'YOTACE-iii ai’e olive-col oim?d Seaweeds with a continuous thallus, 
beaiing the reproductive organs iu definite gi'oups or lines {tiori) ui)on 
the surface — ^tne spores, tetvaspores, and antheridia bi'ing all dev<‘lf)pt*d 
in pi analojrpns niamier from the coiliicid layer, bursting through its 
ciiticular pellicle. This small Order is included by Decaisne in the 
Section liaminarii'fe of tin* Tribe Aplosporom, but has been shown by 
Thm’et to be quite distinct from the other Olive-coloured Seaweeds; it is 
very interesting as presenting, in a spiioial* condition, exactly similar 
spores, tt?traspores, and antheridia to those of the Rhodosperniea^ wliii-h 
they thus eomieci with the Fucaceae, with which they agn‘(^ iu habit and 
were formerly combined. They belong lutber to warmer localities, and 
tmj more dtdicate than the Fucacem, sometimes, as in Pndina, exhibiting 
atti active colours. ^I'hey are of no known use. Genera ; Dktyotay Laiux. j 
Divtyoptet'iHy Lamx. \ Tadnia, J, Ayli, j Padiua, Adatis.') 


OiiDER CLX%Y. FUCACEiE. Sea- Wracks. 

Claaa, Algae, Undl, Ail, Algales, Idndl, 

547. Piaejnons, — (Fig. 4G4.) Olivc-coloured Seaweeds of gelati- 
nous, cartilaginous, or homy texture, with a foliaceous or shrub-likc 
or cord-like tliallus, attaching itself to rocks by a simple or lobed 
and ramified discoid base ; fructification in receptacles formed out of 
lobes of the fronds (a), the external surface of which is pierced with 
orifices leading to chambers {conceptaclesy b) lined with filaments 
intermixed with spore-^acs ((?) or filamentous antheridia (c), or both 
of these ; the olive-coloured spores 4 or 8 in a spore-i^c, from which 
they escape when mature, and are fertilized by the active 2-ciliatcd 
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corpuscular spcnnatozoids (<^) after Fij?. 404. 

they are detached from the parent. 

Illustbativi: Gkxkha. 

Sarg'assiim, littmph, 

(>VStoseiva, Atfh. 

J fall dry s, Lynt/h, 

Ilimaiithaliaj Lynph. 

I*vcnophycus, Kiitz . 

Fuchs, L , 

Affinities. — Some of tho filaments lining 
the concoplaeles become, after a time, 
swollen, and art* filled by brownish mat- 
ttir ; this bvown matter is developed into 
2, 4, or H Sport'S, Avhicli escape from a 
small orifice at the apex of the concep- 
tacle, llirough wliicli also subsequently 
liasH tlitj tufts of sterile hairs wJiicli do 
not uiidtirgo nit'tamtn'phosis into spoi*es. 

Womt'times lie* antliendia are present in 
the same eoiiceptacles as Hit) sporauges ; 
or they are borne on a separatt' plant 
(ditetrious). Tlie antheridia consist of 
OA'oid cells, stime on branched tliriiads 

tuid containinff v wliifish nia*<8, niter- o,,janta«on of Fnciio«e:-A. ir«Mry» 
spt'l'setl throughout which are a nuillher Ki/tyuo«u, half the nat. size: a. ]) 0 ( 1 h or 
of ivd granules. ^I'Jie aiitheiidia ai’e rt'w ptacirs; ft w*etion throaph 

. . I r 1 .1 tac'le, Bliowing the motith of a conoep- 

eH'Cteil ihrougll the tuihctj of tbts concep- taele, the eavity of which in lineil hy 
taclti, and themselves give exit to liume- aiitheriilin (c) producing spermatozoiefB 
rous aiitlicrozoids, each provided Antli a sporc-Bacs («;. 

couple of extremely fine cilia, and containing a red granule. According 
to our present knoAvledge the Fiicacese are strikingly separated from the 
other Olive Seaweeds — from the DiclyofacetB by tlie absence of tetraspores 
and by iho character of their antheridia, and from tho Pliceosporem by the 
absence of the reproductive, zooppoi*es and by other points of organization. 
They appear to he allied to the Coufervoid forms, througli Phft?ospoi’eie, 
more (dosely than to Khodospemieffi ; but their reproductive organs are 
formed on a higher type. 

Distribution. — Universal ; especially found on rbcdcs between tide-marks, 
or, if gi'owing in deeper water, buoyed up to the surface by vesicular 
floats ; verj’ large in the Southern Ocean. 

Qualities and Uses. — ^l^he gelatinous substance of which the thallus is 
composed renders some of these plants available as food for man or ani- 
mals where better productions are scarce ; but their chief value is as a 
source of iodiue, extracted from the “ kelp ” or ashes, which were for- 
merly an in^portant source of soda also. The JFhioi are also largely used 
for manure in maritime localities, Sarptmum bacciferum forms the 
celebrated masses of “Gulf-weed” in the Atlantic Ocean. Ftwusveai^ 
culoms, tlie common Bladder-wrack, grows everywhere on our coast 
between tide-marks. • 

u 2 
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Order CLXXVI. PHiEOSPOKEiE. Olive Seaweeds. 

Class, Algfio, Endl, AU. Algales^ Litidl, 

548. Diof/nosls. — Olivc-coloiired or brown Seaweeds with a foli- 
aceons, shrul)l)y, or branched iilamentous thallus ; rejiroduced by zoo- 
spores, havinf^ two cilia, one directed forwards, the other baclvAvards, 
formed in clavate cells or multicellular hlameuts, collected in more 
or less definite groups on the cortical layer of the thallus of the 
larger kinds, in lateral tufts or terminal on the branched filamentous 
kinds. 

iLLrSTllATIVK GeNEBA. 

fyhorda, Stackh. Punctaiia, Grvv, l!cto(^arpus, Lyntfh. 

ijaniinaria, Lama:, l)t*siiiui*ostia, iMmx, Myrionema, Grev. 

Dictyosiplion, Grev, Myriotrichia, Haw, Leatliesia, Gray, 

Afflnltiefi. — This group corresponds to the tribe LaminarierD of the 
group Aph)sporete of Deciaisue. The genera included in this (.)rdor with 
highly developed thallus approximate to the Pucaceje, with whi(!h they 
are soinotiines associated; hut it has been discovered by Thuri*t that the 
so-called “ spores ” are sacs produ<*ing zoospores, which germinate and 

E rod lice nt'w plants like those of Confervoids ; they are distinguishcHl, 
<iwever, from the zoospores of that group by the armngenient of the 
cilia, which arc here two in number, iineqiiarin size, and take I'everwi 
directions as thov leave the body of the zoospore, resembling, in fact, the 
form exhibited in the spennatozoids of Emms. The size and number of 
till! zoospores are not constantly the same in the same plant; and in dif- 
ferent cases the organs producing the zoospores are large clavate sacs or 
chambered filaments, the number of zoospores in a cell being either de- 
finite or indefinitely great, on acitoimt of moi*e advanced segmentation of 
the contents, 'fhe mode of reproduction and the forms of the thallus in 
such genera ns Eclocarjnfs &c. bring this Order very near to the Con- 
fervoideaj. Much obscurity still prevails here, since autheridia coexist 
with reproduction by zoospores in CufMa, and appear to exist in Spka- 
celaria and Cladostvphus^ which also reproduce by zoospores. 

Distribution, Qualities, &c. — IVIuch the same as in Fucacem. Laminaria 
diyifnta and snctdiarina are eaten (under the name of Tangle) on tho coasts 
of the north of Europe, as also is Alana esculenta. 


Order CLXXVII. CONFERVOIDE^. Silk-weeds. 

Class, AlgsB, Endl, AU, Algales, Lmdl. 

649. Diaynosis, — (Fig. 465.) Plants with a filamentous, mem- 
branous, gelatinous, or pulverulent thallus, growing in fresh or 
salt water, or ou moist substances, of a bright green or, more rarely 
(often temporarily), ,rod colour, reproduced by zoospores discharged 
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from tho ordinaiy cells of the thallus (A, d), or by spores formed in 
these cells after impregnation by combination of the contents of 
two colls, either by conjugation (C, c), or by the transfereneo of 
spermatozoids into the parent cell of the spore, the spores (C, d) 
passing through a stage of rest before germination. 


Fiff. 465. 



Or{;anixatioii of Confervoid AIm:— A. Filamonts of Spiroffyra qninina : a, in natural condition 
(niaf;nifled SO dianictcni) ; o. two fllanifntH conjupitinf;; e, a spore formed in one cell from 
the mixed contents; d, a free siiore; e, the same |;erminating. 13. Ptotococcu» viridi« 
(ini^n. 200 diameters) : a, a group of cells colnTing byielly>like matter ; four cells formed 
by division of a cell of a, and two soospores e8C^3ed from one of the cells, subsequently 
st'ttling down as resting-cells, e. C. Ct-adophura fflomerata : a, filaments, of natunu sise ; 
6, the top of afibmnched filament, magnifiml ; c, cells about to form zoospores; d, the same, 
with the zooe^res escaping from the uppermost cell; s, zoospores germinating into new 
filaments. 


Illustrative G^xera. 


Codium, Stackh, 
Bryopsis, Lamx, 
Vaucueria, DC. 
Botiydium, WaUr. 
Drapomaldia, Bory. 
CEdogonium, lAnk. 
Spirogyra, Idnk. 
^hasroplea, Agh. 
Coleochiete, Br4h. 


Ilydrodictyon, Both. 
IJlva, Agh. 
Tetraspora, Dec. 
Nostoc, Fatich. 
Botirdina, Breh. 
Clatnrocystis, Henf. 
Palmella, Agh. 
(Acblya, 

(Chytridium, Ak Br. 
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AflamltleSi — The specialities of the Tery multiform group represented by 
the above list of genera can scarcely be dealt with in a work likcj the 
present ; and, in fact, our knowledge of the essential characters of the plants 
IS at the present time undergoing a thorough reconstruction. In the defini- 
tion of the group of ConfeivoiJs here, tin? (iscillatoriaceffi and the other 
nianenthf active forms are excluded. The Oscillatoriacem are organiz(;d in 
a very dillerent Avav from the true Confervoids, while till lately it has 
been doubted wln^ttier DiaiomncpfCj DvRmidivtP^ and, above all, Volvocineaj 
are ev('n vegetables at all. Tlici (Confervoids proper are mostly very 
simple cellular organisms, with chlorophyll and starch in the cidls while 
they art* actively vegetiitiiig ; the majority discharge, the cell-contents in 
the shape of one or nniny active z*>ospores) wnth or more cilia at a boak- 
like l^xtitMiiity, or with cilia all over the surface { Vaurhcrm ) ; besides 
which process, sexual reproduction has been obsei’vtul in Zf/ffiwina by cow- 
Juf/afintij in (E^nt/omnm, Sphrrroplen, Vauohvrmy littJhochepfe, &c. by sper- 
matozoids derived from one cell entering the cavitv of the }»nrent cell of 
the spore ; and in all probability this will be found general. mode of 
fertilization will be fouml described under flie head of Physiology of lle- 
pvodiiction. The spores formed after ft*rlilization become encysted in a 
nrm coat, thrown oil* in germination, which commonly ensues only after 
a long interval. Th(i Palmvllcpc ai*e fonns not yet well explained, composed 
of. solitary colls imbedded in a commrni mucus j they appear to stand at 
the lowest point of organization in the Vegetable Kingdom, if they be not, 
liki* the ** Yeast Plant *’ and similar conditions of Fungi, stages of gvowth 
of higher fonns. 

The genera above grouped by Professor Ilonfroy under the head of 
Oonfervoide.m ai*e more natural ly grouped by Pecaisne under several 
distinct sections of varying degrees of importance as follows : — 

1 . Conferrea^ (jomprisiiig plants consisting of lub(?s or cells contiiining 
ovoid spores provided with 2 -4 vihrntile cilia. 

2. Umcallufarea, Plants consisting of a single cell producing numerous 
ciliat(>d spores. 

3. (Edoffonippp, Filamentous Algte, producing spores cither by the ag- 
gregation of the gn^en colouring-matter of the cell into a spheroidal mass, 
whi(?h escapes from the parent cell by a special aperture in its widl, and 
is then seen to be provided with a crown of vihrntile cilia, or as the 1*081111 
of sexual agency. The antheridi;i. consist of filaments, each cell of which 
contains 1 or 2 spermatozoids, which escape by the lifting of a lid-like 
valve of the cell-wjill and fertilize the spore as above statedi ' 

4. Vaurhenea. Unicellular Algie, producing two kinds of reproductive 
organs — the one resulting from the concentration of the green matter at 
the extreinit vof the filaments idlo an oval active spore covered with cilia, 
the otlior fonned as a result of sexual agency. The antheridia appear in 
the form of small horns placed in the proximity of ovoid sporangia. These 
antheridia contain numerous extrcimely minute spermatozoids, which es- 

f^*rtilizo the sjiorangium and determine the formation of a spore, 
which does not germinate immediately, but only after the lapse of some 
time. 

6. BaprohjfnietB, A group of imperfectly known Algae, resembling the 
Vaucherias in their stmetnre, presenting rounded, moveable, ciliated zoo- 
spores and also antheridiajl filaments, fertUizing certain spherical sporangia. 
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These plants are, by De Bary, regarded as belonpfing to Fungi, having 
similar powers of decomposing carbonic acid, and of living oii Organic 
matter, such as the bodies of flies or even of fish. They will be further 
alluded to under the head of Fungi. 

(i. Si/nsporea or Conjitt/ftiai, Filamentous or unicellular Algro, repro- 
duced by the process of conj ugation. This group comprises the 1 lesmidiem, 
of which further notice will bo found hereafter. 

7. J)iatomace€B, These are also alluded to in the following pages. 

Distribution, Qualities, &c. — Met with universally in fresh and brachish 
water, some gtmcra also on sea-coasts, growing on rocks, large Algju, Sec., 
Some of them occasionally appear suddenly in vast quantity, colouring 
lakes green ; or, as in the case of VahmUa nical'i!<, giving rise to the phe- 
uoiiieuoii called ‘‘R(*.d Snow.” PalnieUd crumtn often forms large patches 
of substance like half-coagi dated blood on damp stones and rocks. The 
green slimy matter of stagnant pools is mostly composed of intorwov(m 
inass(*s of fihimeiitoua (h)nfervoids, which prcisent most beautiful and 
varied fonns under the microscope. Vha (marine) proiUices large mem- 
branous fronds, which are sometimes eaten under the name of (Ireeu 
Tjaver. 

(OsoiLLATORTACK-i^. Microscopic filamentous structures, usually col- 
lected into patches of definite or indefinite form, extending by peripheral 
growth, compostMl of continuous tubular sheaths enclosing a green or 
brown gelatinous marter marked by transverse strijc, where the substance 
is divided into sfiries of longer or shorter pieces, often escaping from tluj 
tnli(^, ultimately resolved in reproduction into discoid fragments, which, 
when free, beconio globular. Tlio gelatinous core,” the vital part of the 
structure, is capabh; of a peculiar movement, which causes the free por- 
tions or extremities of the filaments to vibrato like a pendulum, or witli a 
slightly vermiform oacUlntum^ vdieiice the name of the Order. Beprodne- 
tioii by spores unknown. Our knowledge of the essential characters of 
this Order is v(?ry imperfect ; and the only mode of reproduction known is 
by simple division ol the central snbstaiiee of the filaments, the iiorlions 
slitting out of the ends of the sht^aihs mid secrc».ting a new coat of thidr 
own. Their peculiar oscillating motion is one of the marveds of Vegetable 
Physiology ; they appear to be totally destitute of cilia. Their move- 
ments, and the natuni of their central substance (apparently devoid of 
starch, and coloured by different matters besides chlorophyll), seem to 
indicate a relation between Oscillatoriacero and PiatomacecB^ which would 
connect the latter with Oonfervoids. They occur in water, frcjsh and salt, 
and on damp earth, everywhere. Genera: Osciltatoriaf Bose; Micros 
(ioleiia, Desmaz. ; Cahthrixy Agh. ; Rimdctg^iay Both.) 


Order CLXXVIII. DIATOMACEiE. 

Class, Algfo, EntU. AH, Aigales, Lindl, 

550. Diagnosis, — (Fig. 462, B, C, page 428.) Microscopic unicel- 
lular plants, occurring isolated or in, groups of definite form, usually 
surrounded by a gelatinous investment, the •cells exhibiting more 
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or less regular gcomctricnl outlines, and enclosed by a membrane 
striated or granular, either simply tough and continuous, or im- 
pregnated with silex and separable into valves. Reproduction by 
spores formc?d after conjugation of the cells (<7), by zoospores formed 
from the cell-contcnts, and by division. 

Illustrativk Gbneua. 

Subord. 1 . Dksmidib-® (tig. 462, B). Subord. 2. 1)i ATOMEiR ( fig. 402, G ). 

CeU'-memhram witiumt silica, con- CcU-memhrane impregnated with 
taining cldm'opliyll and starch, silex, valvular,* containing a brown 

Closteriiim, Nitzsch, colotcring-maiter, 

Cosmarium, Menegh, .Eiinotia, FJir, 

Kutistrum, Ehr. Diatonui, DC. 

Pediastrum, Megen. Naviciila, Itory, 

Desmidium, Agh. Isthmia, Agh. 

Melosira, Agh, 

Alllnitiftfl, fte. — These organisms were formerly included among Infu- 
sorial Aiiimalcules; but the vegetable charncter is veiy strongly marked 
in Desmidie<e\ and the reproduction by conjugation, characteristic of 
certain tribes of Confervoids, occurs not only in Dvsmidiccp, but in Dia- 
tomea:, which in respect to general organization cannot well bo separated 
from the Desmidicfc, althougb the nature of the cell-contents has more of 
the character of what we are accustomed to regard as animal substance. 
The Dintmneoi are also remarkablfj for the way in which they divide by 
segmentation into a number of distinct frustules, each of which grows 
into a perfect plant. 

Dlstrlbntioii, &c. — Dmmidieac occur in all quiet pools of pure water, at 
the bottom or adhering to other plants. Diatomeec are universally dif- 
fused, not only in fresh water, but in the sea and on moist ground, in all 
of which situations their siliceous cell-w'ulls cause their remains to accu- 
mulate, if left undisturbed, until they may formi actual mineral strata. 

(Vpi.vociNE.® are microscopic bodies swimming in fresh water by the 
aid or cilia arranged in pairs upon the surface of a common seniigelatinous 
envelope, the pairs of cilia eacJi belonging to a green corpuscle resembling 
the zoospore of a Confervoid, imbedded in the periphery of ^the common 
envelope. Reproduction by the development of each corpuscle into a 
new colony, the whole being set free by the solution of the parent 
envelope, or by conversion of the corpuscles into encysted resting-spores 
like those of Confervoids. These curious and beautiful objects, found in 
similar situations with the Confervoids, appear more closely related to that 
pioup of organic beings than to any form distinctly recognizable as mem- 
bers of the Animal Kingdom; the persistence of the power of motion 
thmughout the period of vegetative life being the only animal (?) character. 
Genome Volvox, Lam.; Fandorina, Ehrenb. ; Sttphanosphtsra, Cohn; 
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Class II. AEROPHYTA. 

551. Thallopliytes growing and fructifying in the air, reproduced 
by s^ijo^ formed inggrajaud b y green oonitf ita Jy rped ija the medul- 
laiT layer of the thanusT™" 


Order CLXXIX. LICHENACE^. 


Clang. Lichenes, JEtidl. AU. Lichenales, Lindl. 


552. Diagnosis . — Plants usually of dry/ dead-loofetng aspect, con- 
sisting of a thallus of foliaceous or shrubby form, or of scaly, crus- 
toccous, leprous, homy, papyraceous consistence, bearing local 
fructification either in cavities in the thallus and opening ultimately 
by a pore on the surface (angiocarpous^ fig. 466), or expanded into 
shield-like, cup-shaped, or linear projecting processes {gymnocarpom, 
fig. 467). Ilcproduction (vegetative) by gonidia, green cells at first 
hidden in the interior of the thallus,nKnd ly spores, ■4==8‘cnP a greater 
number, produced in tubular spore-sacs fig. 466, B), formed in 
the excavated or expanded fruits ; anthcridia (?) in special excava- 
tions of the thallus {i^erru^ogonia)^ producing minute stick-shaped 
corpuscles {spermatiaf fig. 466, C). 


Illustbattvr Genera. 


Opempha, Pers. 
UmDilicaria, Hoffm. 
VeTrucaria, Pers. 
Endocarpon, Hedw. 
Sphoeroj^oron, Pers. 


Cladonia, Hoffm. Cetroria, Ach. 

Lecidea, Ach. ^ ^ JLloccella. DC. ^ 

Stereocaulon, S^r^. " liamalina, Ach, 
Parmelia, Fr. Evemia, Ach. 

Sticta, Skihreb. CoUema, Ach. 


The thallus of the Lichens mostly grows in exposed situations, as on 
rocks, walls, the bark of trees, &c., never immersed in water like that of 
the Algffi, but receiving its supply of moisture from the atmosphere. It 
varies from a pulverulent or papillose crust to a leathery or homy folia- 
ceous expansion (fig. 467, A), or tufted shmbhy mass. In the crust-like 
forms it adheres firmly to the supporting object ; in the foliaceous and 
shrubby ilgaaaaJttJuhfree, and spreads more or less widely from its. point of 
attachment In all but the amplest forms it exhibits -eertoinkdinerences 
in its internal and external tiroues ; the thallus has a firm cortical layer 
above and below, between which, more ot less developed in different cases, 
is a central looser mass composed of interlacing cqlourless cellular filaments. 
Among the latter ocStar green cells, called gon^ia, which aie capable of 
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reproducinjy the plants ve^etativelv when set free. The cells of the cor- 
tical layer do n ot contain chi orophyll , 

and are usually dry, horny, and of a Fig. 4G7. 

dull grey or brown colour, (hysl als A. 

of oxalate of lime aiv often niter- ^ r 

mixed with the filameiits of tlie cen- Fig. 400. 

Jral layers^ ^ 

The fruiB of the Lichens^ occur as ^ v 

iSbdiScations of two pTm^pal'^^ ' 

the jhhdj ^ aiioth‘fn^ fig. -it»7 ) and 

The perltlipcia are cHiaTiuIers excava- jfW ¥ 

ted ill thickened parts of the thalliis, 
or in special hranch-likf; lohes (fig. 

4(50, ff)f opening extonially hy n pore, g 

and lin(*d by tnhnlar sacs, tin* pari*nt fv A^OoPficM '^^S!Sv35f 

cells of the 

These theca) conmin iisnaTn' a row MmWj ® 

of spores (4 or H, or soineiiiiK's a tjlAvilWljifS 

larger nnraherl, which escape hv the 

thecjc bursting, and are discharged ^ c ^ .s^sjNv c 

from the orifice of the conceptacle M 

or ))i>rith(*ciinn. The spends a.r(* veiy 

variable in size, and consist of two \ ^ 

layi'rs, an and an 

the forniervstmged bine onTlie aildi- W 

tioii of iodine. When the spores ger- ^ 

miniite tliw protliico a filamentoue ^ „f 

thallus. In addition to tne above- A^fc£rre>pA(;»Y>;/wr«/^ot(/.vt,witli,«,n ^ 
namo<l reproductive ora:ans there ttii-ciiim, mia #, HpennotftmiH. n.Th«*ciB 
are otliova called gm-nifUiL whose 

nfltlire and office are at present not Pig. Wl. A. Branch of IttnnaUm fra^rumi. 
clourlv ascertflined. They are like <■"«' a .w 

the Sjiormogonia in form, and contain ing, a, apothecinm, and *, gpmnogonia. 
minute bodies called 

The other form of Trnititli^;7oMeeiw?n (fig. 407, 0, d) consists of similar 
elements ; but instead of being a (dosed chamber, it is a free open cup, or 
shield-shaped or linear body, sessile vr stalked on the tliallus, bearing the 
theceti oxpo.sed on its upper face, llifteriuit ’ names are applied by liche- 
nologists to the various forms of the apeithecium, accordijpg to the general 
form, such as poltec, Hctdvlleti (fig. 4(57), initdUt^ UreUeBj &(). 

liichens with pcnthocia are called Angiocurpous, those with apothecia 
Gymiiocarpoiis. 

Smaller chambers, analogous in structure to the perithecia, but lined by 
filaments producing extremly minute bocilliform corpuscles, occur in the 
thaHus of idl Lichens (fig. 407, 0, s ) ; they areieatted the 

conmspktt jpqmatia i they are supposed to represent miiheridmpmii the 
corpuacleM^ possess a fertilizing ninctMii* 

ThA j^^nudia have usuaUy been, iconeldeiiad motionless or- quuu% 
festing onljr the Brownian movement common to aU minute particles^ 
organic or inorganic $ but Itzigsohn and other bot|pists affirm that they 


c 




Fig. 46S. A. Fertile branch of the thalluH of 
Sphtrrophai'OH efuvt/^otWi’/f, witli, «, a ihti- 
thceiiim, and », HperinogimiH. H. Thecro 
and )>urai>hyHea from the peritheeiiiin. 
C. Spermatia from the Hpeniiogoninni. 

Fig. Ui?. A. Branch of ItumafuM jra^inm. 
B. A fragment with apolheeia. C. A 
aec'tion of a fragment m.-^nified, show- 
ing, a, apothecinm, and «, Bperinogonia. 
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are endowed with a power of movement from place to place, as in the cose of 
iho antlierozoids of other Cryptogams, and also with a movement on their 
own axis. Lortet affirms tikat the spermatia, unlik^ those of Mosses, 
intluonred by induction-currents of electricity ; the spermatia range them- 
selves in lines parjillel to the direction of the current, as if polarized. 
When the current is broken, the spermatia disperse over the field of tho 
microscope. 

Affinities. — The r(*lations of tho Lichens to the Fungi are oxcci?dingly 
close, so much so that it is difficult to discover an exact line of demai-ca- 
tion botwoeu the Angiocariious Lichenes and the Pyronomycetous Fungi. 
Some authors combbic them into one class ; but as it nile chlorophyll and 
starch do not present themselves in Fungi, wllllfe the gouidia ot Ijichens 
are coloured green by chlorophyll and they contain starch, and are hence 
coloured bluci on the addition of iodine. Somt^ botanists fire of opinion 
that Licrhejis consist merely of the filaments of Fungi implanted on the 
tissue of an Alga. Others think that tJie 1 -celled Algae, whose develop- 
mtuit is lilte that of the gonidia of Lichens, are precisely those gonidia set 
at liberty. Famintzin says that “ zoospores ” are produced from the 
gi'uiidia of Lichens. Some of the Lichens are truly pamsitic ; but tho 
majority jure only e.piphytic, when they grow on bark &c. The tlmllus of 
Lichens has a groat power of absorbing moisture from the atmosphere ; 
hence the plants are enabled to grow on exposed rocks and in other dry 
situations. 

Distribution. — All parts of tho world, but forming a very large propor- 
tion of tho entire vegotation in the higher regions of mountains and in 
polar latitudes. ’ ’ 

Qualitios and Uses. — Many Lichens are ve:^ nutritious ; a number of 
them yield valuable dyes ; some are medicinal, others aromatic. Among 
the more important nutritious ^dndsnre: — Cladmia ramjiferimiy "Reindeer 
^loss:” Ceh'aria uhktdica, Iceland Moss, and C, nivalu] Umhiliraria 
(various Rpt»cies), constituting " Tnjfe-de-roahc of the North- American 
huuters ; Lecanot'a encidenta (Tart ary) and L, tifflniH, JSficta jmhmmaria, 
ko, F'rom Lecamra tat'tarm^ the purple dye called (Cudbear is obtained ; 
Parmtilia parietina, common on walls and roofs, gives a yellow colour ; 
PoccoUa Unctoria (Mediterranean and Cnpe-Verd’ Islands, &c.), jR. /w- 
cifimim (Madeira, Angola, Madagaj^ar, S. Amorictf]|, and JR. hyponurha 
nr(^ Orchil-weeds, from which the. dyeing material Orchil or Orchel is ob- 
tained — litmm being obtained from these and other species «)f lioceedn. 
Some. species contain a considerable quantity of oxalate of lime in the 
form of crystals. 


Class III. HYSTEROPHYTA oe FUNGI. 


553. Thallophytes 



The Fungi exhibit ike greatest simplicity and iomogeneify in the vege* 
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tative structure, aud a most wonderful and intricate complexity and variety 
in the organs connected with reproduction, 'jrhe thallus is ali ke in con- 
struction in all FumzL from the simple Mildew (tig. 4tiW) up to the latest 
Slgaiic (lig. 4C9) . It consists of an assemblage of branched, tubular,- 


Fig. 468. 


A 



A. Yeait-plant vegetating. B. Atpw^Uut gUxucM, 

C. JPemeimm gloueum. D. Mueor Mnotdo» 

Magnified 200 diameters. 


cellular filaments, containing no colouring-matter, and appearing in the 
foiTn of simple filaments, or of fibres, or of membranes, or of gdatinous 
pulp, or of globular tubercles; the latter condition, indeed, is but 
transitory, and presents analogies mth the formation of tubers from which 
shoots ultimately spring. In like manner the globular tubercles give ori- 
gin to a filamentous mycelium. The clouds in decaying infusions, the 



the same simple structure under the microscope, 
indefinitely expanding mode of growth from all tree points ; hence it re- 
sults that they have no definite gelpral form, and spread out mom or less 


, ding .tp. exter^;jppn(^^ 

jer central parts of the^ m| 
L.andisofvl 
^only once, or’ 
Wwth’when it 



^away by degrees jn the 
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id therefore in rich vegetable mould, decaying organic 
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colourless, sometimes brownisli ; but neither this 
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and sliut np in a sac^(^ 7 M?r 4 ifw^)jmalo^iis to that enclosing the young 
Mushroom. The laq^ie ^voijK^asiimpor^^ .and th^se decay away so 
as to leave the spores free as a pulverulent ..mass in t he interior of^he 
ball, which then appears like a leathern sac, and, bursting, Sisi^iarg^^e 
spores in the form of a cloud of dust — whence the name of the plants. 

The family of whiefe the Truffle is an example bear fruit beneath thQ 
surface of the soil i^ which they grow; and although they bear some re- 
semblance to the Piift-balls, their structure ditters in essential respects. 
They also are globular or irregular inte^r composed in like 

niannej of convoluted laminm, which gives a uiarEled appearance when 
they are out across ; but they do not ■nrodnne haadOrntweei ; from their 






miany/zf f / *. r /ii 

RMffiwisrra 


jtMFvng 


le uitimiite fate ortnese is not to become tree, uust-Iike 
pafffies, but to bo set free by the rotting away of the whole parent mass. 
There is no peritUnm in this case. ^ 

The “ spores ’’•produced in the mannesr above indicat(3d are probably 
more nearly analogous to buds than to reproductive organs formed from 
sexual agency. Acconlingly as these sj^^’es are formed withiu a mother 
cell or on tho*^ exterior, wtj have the terms as in the Aacomtfcctvs 

or Pf/miom/cdoi*, or as in thf^Ssiaiospoi'em, Berkeley dis- 

tinguishes the endospSSa^ffijjjj^ retaining the word for the exo- 
spores. The endosppros or sfflWRaare formed in one of ^f^rays— either 
by division of the par en t celh .or by the fonnat io riof new daughter cells 
vnthin the mother cell^ree-cell ioimatidh), nSlviuDeniore fully explained 
her(*after. • 


Itecent I’esearchcs make it probable tliat jarku^lgnjij^^ 
observed in Fungi have different physiologicfinrnpSrt^^ of them, 

called (fig. 4f5i^, A), appear to lie organs of vegetative propagation, 
like tnegomdia of Lichens (p. 441) and the zoospores of A1 }?jb (§648). 
They exist in the form of siinphs, globular or ovoid cells, isolated or 
aggregated in masses. Pt/aiidia are small cavities or conceptaedes con- 
taining threads, bearing ovoid or spheroidf^^.cells called i^KflUKiBk 
some Fungi, moreover, as 

been discovered, contaimnl originally iinTSSHporange, from which they 
escape arul move from p^?o to place by mgig^ of cilia.. . 

Other of the structures n^pt with among Fun^ appear, to represent 
distinct sexes ; thus, in addition to the sporps, usutdly so called, and the 
" sporidia,” the following have also been .observed ip various Fungi ; — 
Aidhtridia. or cystidia^ of originally threadrUl^e form, but afterwards 
SHatea at the summit, and detached from the mycelium ; tlie function of 
these bodies has not been definitely ascertained. of 

simple, ovoid, straight, or curved cells, contained wnni^aconceptacle or 
spermogone, and thus presumed to hn.ve^ close relationship to, if not 
i lentitv with, the stylospores above described. rounded or 

oval odls, situated at the extjonu^ of a filamcntoMre^ptacle or deve- 
loped^ the sides of two aubdiviairas of the same branch, which approxi- 
mate and.^oin one another to form a sinde cavity, or con- 

taining a single spore. This process, analogous to* that crU^ conju^lion 
among Algie, has only been observed in ^fsggites and one or two other 
genera. Something of a similar character has been observed by Tulasne 
in emf/wM. are globular bodies, filled with granidw 


GTICNOSFOEJS. 


447 


matter, which ultimately, after contact with the antheridium, formed on 
another branch of the eomc mycelium, ag^pfate into small globular 
masses, or These structures are found in Saprokynia, a plant 

included b^some under Algm, but placed by .Oe Bary in Fungi, and 
wlierein small tubes like pollen-tubes may be seen passing from the 
{mtheridium into the interior of the oogone, and determining tlie formation 
of the oospore. 

As many of the bodies which have thus received a distinct appcdlation 
are, in all probability, merely slight modifications of one and the same 
organ, it is very embarrassing for the student that they should have 
r(‘ctdved diirerent names. Doubtless, as the functions of these bodies 
become more clearly ascertaineeb Cryptogamic botamsts will be content 
to follow the example of those who study the higher plants, and call all 
organs exercising tli«; same functions by the same general name, qualify- 
ing it as may be necc'ssary. The complexity is increased by the fact that 
one and the same s|>«ciesbnay develope at one time, or at different times, 
tlie various reproductive bodies above described, lienee numerous spe- 
cies and genera have been described as distinct, having boon foiindt*d on 
th<; presence! of organs now loiq^yyn to belong to Uio same plant in different 
phases of its existence. ^ 

Fillip liTe^ forJho uKiatjmL on dead or agSmposing organic matter, 
or onTirm^flgaij^ ITe.nco M. ac isary iiiviaBS r ungi into two uiasses, the 

g ^mJjj^and the JjMjjiljSai ^d these Jatter luy quiphytes or eiito- 
accordingly a^ne^ttacn themselves to tno surface or develope 
ves in the interior of the tissues. The spore of the parasite 
germinates externally, and thrusts the delicate filaments, formed as a 
result of its germination, through the epidermis, either through the 
stomata, or directly through the epidermis, as in the mould producing 
the l*t)tato-disease. Each species f)f entophyte is peculiar to a pariicuihir 
plant, and p<metrates ii at a definite moment, and by an organ speeiallv 
provided for the purpose. Thus J)(! Ikuy asscirts that the “ white rust^’ 
so coniij^oit^in Crucilers is only in1rotluc(*(f through the cotyledons at the 
time of germination. Ep^phy,tical Fungi spread over the suiiace of the 
plant on which they grow, ana alSstract the juices therefrom by means of 
very small dilatations of the filaments acting as suckers. Other para- 
sitical fungi affect animals, sometimes lus a a^sult or consequence of ill- 
health, while at other times the fungous gi'owth itself causes the disease, 
03 in the “fungous foot’’ of India, the silkworm-disease, &c. 

554. The classification of the Fungi is a subject of great com- 
plexity, and, from the. multitude of forms, and Ijic variety of con- 
ditions exhibited under each typo, it is extremely difficult to establish 
really natural groups with definite characters. Many systems exist, 
almost every writer who devotes especial attention to these jdants 
modifying in some way the systems of his predecessors or contem- 
poraries. It seems evident thai we cannot rely on the condition of the 
spores alone for tho discrimination of lArge groups, and it is scarcely 
possible to classify by the polymorphous fruits ; but the conditions 
ofi the fruits seem to ns the natural basis for; tho classification here, 
where the thaUus takes the some simple form of a cottony mycelium 
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throughout the entire class. In De Baiy’s classification, which is 
the most recent, the Fungi are divided into four main subdivisions 
and thirteen secondary ones as follows:—!. PfeycomyMfsip including 
tho Saprolegnieat, Peranosparea?^ and Miicor{neaf.\ 2, Ilypodermeas^ 
including tho Uredineoi and UstilaginecB \ 3. Basidiomycetes^ com- 
prising the Tremdlinem^ IlymenomyceteSf and Gastromycetes ; 4. Asco^ 
myceteSy under which head are included the ProtomyceteSy Tuheraceccy 
OnygetiecE, PyrenomyceUSy and Diseomyeetes. 

in the former edition of this work Professor , Hcnfrey .proposed 
an arrangement of a simple nature, and which is as naturd, or 
more so than other arrangement proposed before or since, for 
which reason it is retained. In it the Fungi were distributed into : — 
I. Bolrytaeef^y the Order with fertile cellular filaments (flocci) arising 
directly from a flocculent mycelium (p. 445) ; 2 . Sphranaceas, tho 
Order with a stroma or common receptacle on tho mycelium, bearing 
pcriidiecm or apotheciay like the Lichens (p. 445) ; 3. ExidiaceaBy 
those with a highly developed common receptacle arising from the 
mycelium, and growing by peripherical development, bearing hasidio- 
spores or ascospores over more or Icss^iftensive tracts of the suri^ce. 
In Tvherece (Tniffl^ this receptacle i s develope d into ajfcuberculat 
mass", formed of aTSonvoluted atrucfurf^WtlTnle sporifefous Jayer 
turned inside. 4. AgaricaceoRy in which a more or less complex 
common receptacle is originally developed in a large sac-like case or 
peridium, and either bursts out in a perfect form when ripe {Agaricus 
and PlaiUus), or decays and frees its spores within the peridium 
{Lycoperdon &c.). 

Order CLXXX. AGARICACEiE. 

{Including most of Hie Hymmomycctes and Gasteromyceies Pries, and 
the Basidiosporeen of Ldveill^.) 

565. Diagnosis. — (Fig. 469, p. 445.) Fungi vegetating by a floccu- 
lent thalluB, from which arise more or less fleshy fruits which possess 
an outer, single, or double coat {peridium) y rarely remaining adherent 
to tho indehiscorit fruit, usually bursting at maturity. . Peridium 
enclosing the fructifying tissue {gleha)y which forms a common rc- 
ceptachy subdivided into numerous laminm (fig. 469, B) or convolu- 
tions, or excavated into chambers, on the walls of all of which tho 
spores are developed, either on hasidia (C) or in asd. The receptacle 
either bursts forth' out of the peridium when mature, and by ex- 
pansion exposes its sporiferous lamlnm, or it deliquesces and is totally 
absorbe4i before the bursting of the peridium, leaving this filled with 
free spores ; or it gradually decays with the adherent indchiscent 
peridium. 
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iLLUSTBATmS GeNEEA. 


Tribe], Aoaiiioiile. 
Affariciia, L. 
Boletus, DiU. 

Tribe 2. PriALLEAti. 
Phallus, Z. 
Clathrus, Mich, 

Tribe, .‘1. PODAXTNIEAS. 

Seeotium, Kze, 

Tribe 4. NidulaTue-e. 
Oyathus, Hull, 


Tribe 6. TBiCHOGASTBEiE. 
Lycoperdon, Tourmf, 
Bovista, IM, 

Tribe G. Myxogastue,®. 
Trichia, Hall, 
Stemonitis, Gled, 

Tribe 7. HyMENANGn«iE. 
Ilymenangium, Klotsch, 

Tribe 9. Onygenk®. 
Onygena, P, 


AfRnitfcs. — The question of the relations of the tribes of this Order and 
of this to the other Orders of Fungi cannot be deeply entered inlo 
here ; but the principal forms maybe briefly noticed in a general manner. 
Tliese, like all other Fungi, grow fi*om a flocculent mycmum^ commonly 
Known ns spawn.” In the fruit appears at first as a roundish 

body, the volm or pvndium, whicli bursts and gives exit to the “ button,” 
consisting of the stalk supporting the still closed pilous, its vertical 
sporiferous plates covered by the inner peridium, which splits away as the 
pileiis expnnds, leaving a portion on the stalk in the form of the anmlm. 
In liolftm the, peridium is v(‘ry fugacious. In Phallm the volva is more 
strikingly developed, and, when it bursts, the common I'ec^tacle expands 
into a column with the fertile surface at its head — in Clathrm into a 
wonderful coral-liko network of fleshy substance with the spores adhering 
to tin* bars. Podaxiniva are a kind of Puff-ball in which there is a more 
or less distinct central column, comparable to the stalk of the pileus of an 
Agaric before this bursts out fioiu its ‘‘button” condition. In Nididanvui 
the peridium opens iii!o a cup and exposes a number of little bodies formed 
by the breaking-up of the roceptacular mass {glehd) into separate rt^cep- 
tacles. Trichogadrefe are Puff-balls in which the'entire sporiferous tissue 
in the peridium decays, leaving only the spores (or filamentous fragments), 
before the peridium bursts. MyxogantreaP are little plants which rtmre- 
stmt on a small scale the conditions of ClathrtM, Lycoperdon, &c. lly~ 
menangieae approach the Tidjerere in the next Order ; they arts Truffles, or 
underground-fruiting Fungi, whoso fruits may be compared to 
don, but remain solid and set free their sport?8 by decay. Tuherete differ 
from all the plants of this Order both by tue absence of" a peridinm and by 
forming the spores in sacs otasci, AU the Agaridem form their spores on 
hasidia, grouped in fours. 

Distribution. — Abundant in all parts of the globe upon or in soil con- 
taining decaying vegetable or animal matter, also upon decaying wood, 
trunks of trees, &c. 

QualitieB and Uses. — The fleshy fruits are formed of a tissue which 
is very nutritious ; and in the absence of noxious secretions they axe very 
excellent articles of food. In this country they are rather used as luxuries 
than necessities ; but in Italy they are largely consumed as solid food ; ab,d 
m Australia, Tasmania, Tierra del Fue^o, and other parts of the globe, 
where cultivation of the soil is not pi^tised by the natives, they form an 
important item in the means of supporting life. •'Die best-known whole- 
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some kind is Affarictts camjTestriSf the common Mushroom; but many 
other species of Agaric are also fit for food, as A. A. procerm, 

A, Georgiy &c., as also lioletui* ethdis ; while a number of specues of Aga-- 
ricm (mostly such as are brighllv coloured) are noxious or suspicious, as 
A, piperatm, A, rachodes, &c. The kinds of Agnnm^ and allied genera not 
eaten are commonly known by the general name of Toadstools.” Their 
peculiar mode of growth in pastures, pHulucing, by tlndr remains acting 
as a manure, annular marks of luxuriant growth of grass, called Fairy- 
rings,” results from the radiating growth of the subterranean mycelium 
or spawn. Phalhin and Clnthrm are genera of very curious structure, 
remarkable also for the excessively offensive smell, diffused when the 
peridiuni bursts, and the iHJceptacle expands. Agnricm (Amanita) mm- 
enrim is a poisonous spe.cies which possesses narcotic and intoxicating 
properties ; the Puff-balls (Lgenperdon. ko.) appear to possess a principle 
of this sort in a volatile condition, as the fumes from their combustion 
have a stupefying effect. Lyoaperdm gltjnnteum, however, when young, 
and snowy white in colour, is one of the best of the edible Fungi. 


Ordek CLXXXI. EXIDIACE^. 


(Inclttdimf part of Hymmomycetes, of IHacomyceteSy and of Gymnomycetes, 
Fries, and of Battidionporeee and lluicasporeoi jL^veille.) 


550. Dmjnosin . — Fungi vegetating by a floccnlent thallns, pro- 
ducing on any part of the surface more or less fleshy common rc- 
eeptacles, devoid of peridiam^ sometimes perennial and increasing 
continually in diameter, bearing on their surface crowded hasidio^ 
spore.s or sim])le styhspores, or (tsd containing free spores ultiniatcly 
discharged with elasticity. 


IlrLrSTIlATIVll! GkNEIIA. 


Tribe 1. PoLTPOUEiE. 
Memlins, Ilatt. 
Polyporus, Mich, 

Tribe 2. IIydne.^:. 
Hydnum, L, 

Tribe fl. AiTuicuLAiiiiLas. 
Cyphella, Fr, 

Tribe 4, Tubereae. 
Tuber, Mick, 


Tribe 5. HELVRLLE.a3. 
ITclvolla, L, 
Morchella, DiU, 
Tribe 0. TREMEI.LE.S. 
Tremella, DiU, 
Exidia, Fr, 

Tribe 7. Clavariks. 

Clavaria, L, 
Tribes. IsABTEiB. 
Isaria, Hill, 


JiSnltieB. — ^Tho relations of this group are, in the first place, with the 
^AgariciAcBf the beii^^ as it were I’eceptacles of Agaricus or 

i^ttf Wif^out a peridium ; they are remarkable for the fruit-organ being 
of Mrenniol* duration, increasing by gradual development at the margins. 
The^SWnc^, Auri&daneec, TremdJ^j and Clavarieee are aU related in the 
samedSectionj the naked common receptacle exhibiting vaiying meta- 
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morphoses cliarocterizini^ the particular groups. HekeUecB are especially 
distinguished by the dittbrcnt mode in which the spores are developed, 
being ascosporous, in whicli they agree \vith Tnberete^ which may be re- 
garded as Pohjporece or Trtnnelhm with the fertile layer of the receptacle 
turned-in to line a complicated series of connected chambers formed by 
convolutions of the mass. Isariem are probably rightly placed here, 
forming a link betwetm tliis group and the filamentous Fungi. 

Distribution. — Universal, on decaying vegetable matter, producing decay 
in damp situations. 

Qualitios and Uses. — ^Tjittlo value can be attributed to tills Order on 
account of us<;ful qualities ; some of thorn, however, are eaten, (fspecially 
the TnifHes and Moivls. Morchclla emdonta^ the Morel, is imported from 
I taly as an article of luxury. Tuber is the genus furnishing Truffles, which 
are highly esteeiiUHl for their peculiar pehetniting flavour. Tuber testimm 
is a llritish species, hut it does u(»t attain a large size with us. 7\ mela- 
nospormn^ mof/uatum, moHchatum, &c. are also used ; most of those iin- 
ncn’ted from France; belong to the first of these species. The Vohjporvfe 
have a groat cel(;brity on ac(!Ouut of the tiuiiblv destructive powers of 
th(! mvcclinm of various species, producing what is commonly called 

dry-rot*” in timher. 'fhe iilameiitous threads of the mycelium, corre- 
sponding to th(.* cottony ** spawn ” of the Mu8lii*oom, insinuate themselves 
into the int(‘rstices of iho fibres of wood, and exercising a solvent action 
on the substance, bmak down and assimilate the tissue until the solid 
mass is entirely destroyed. Like other Fungi, these grow most rapidly in 
damp and (confined air; so that the “dry-rt)t'’ is really a damp~^i, resulting 
from the timber being too clos(dy shut up from the atmosphere, which would 
keep it in a dry state and not allow the growth of the Fungus. W’^e see an 
illustration of this in the d(;cay of posts, beams, &c. where they enter 
damp earth, at joints whore damp lodges, or when they are covered up, 
while green and w^ot, with paint or other impervious materials, while un- 
painted timber exposed fretdy to diy' air doe« not suffer. The common 
dry-rot is produced by Mernlixis ranUdor, M. lacxymm^j and Tolyporus 
(lestruetor ; they frequently extend widely in the form of invisible myce- 
lium without fruiting when thtsy attack timber constructions ; their fruits, 
often of very large size, arc d(!vcloped sometimes very rapidly, from parts 
of the mycelium which come to the 8urfnc;e of the wool ; such friin» of 
Polj/pori and Thelephorm are veiy common on rotten posts and trunks of 
trees. The fruit of Pciyponi^ nqmmoHm has been found more than 7 feet 
in circumference, and weighing 34 lbs., the whole the gi’owth of a few 
weeks. The solid leathery substance of this fiiiit is cut into slices and 
dried and used for making razor-strops ; tha,t of P, fommtarim is made 
into “ Amadou ” or Genuan tinder, by beating it into a kind of paste, 
soaking it in nitre, and drying it. 
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Order CLXXXII. SPH.ERIACE^. 

(Including part of IHscomycetes and Pgrenomycetes of Fries, and of the 
Tkecoftporeo} and Clinospvrecc of Leveill^.) 

557. Diagnosui . — Fungi vegetating by a floociilcnt inyeclium (often 
parasitic on plants or even animals), producing a naked common 
receptacle of more or less horny texture, which hears, cither in 
definitely formed groups on its outer surface (receptacles) or on 
the wails of chambers excavated beneath the surface and ultimately 
open externally (conceptacle8\ spore-sacs containing free spores 
(ascl), or (by adherence of the spores. to the wall of the parent 
cell) rows of separable eportdia. 

Illustrative Genera. 

Tribe!. SpHTEuiEiE. Tribe 3. Uredtnejr. 

Sphaftria, L. Piiccinia, Pers, 

llypoxylon, Bull. ^cidium, G 7 iiel. 

Cordiceps, Tid, 

Tribe 2. PiiAcmrEiB. Tribe 4. Perispore^. 

Tympanis, Tod, Erysiphe, Hedw,JiL 

Cenaugium, Fr, 

AfOnities. — ^The relations of S^heeneo! and Pkacidiea* with Lichens are 
so close that it is difiicult to point out any good distinctive character, 
beyond the absence of chlorophyll in the the 11 us of this Order. They 
possess similar rt!productive organs, the spores being formed in recojitachs 
and conceptacke corresponding respectively to the apothecia and perithecia 
of IJchens, containing either spores in asci or stylospores (metamorphoses 
of the same structure) which both occur also in Lichens; and sper- 
mogonia with spermatia are formed exactly in the same way as in that 
Order. In Spherriea the receptacle is well* developed, loss so in Phact- 
diea and merely forming a more or less distinct perithccium to the con- 
ceptoclcs in UredineeB and Perieporecc. 

Distribution. — Universal; but mostly parasitic or upon dead organic 
structures. 

Qualities and Uses^ — The ‘Mises”of these plants are not such as we 
are accustomed to comprehend under that name, since they refer to the 
general scheme of creation and not to human requirements ; ^ some of 
them are, indeed, among the pests of cultivation, in particular instances 
capable of doing enormous mischief. SphanieeB attack living and dead 
organic bodies ; Cordioeps purpurm, which attacks the young pistils of 
Kye and other Grasses, developes its mycelium within the ovary into 
a solid mass, which forms the Ergot,” so well known for its poison- 
ous pvgpeHies ; the receptacle grows up subsequently irom this, after it 
has nd|sAl|ri)m the ear of the Kye. Cordteepe Mhertsii^ ent.omorrhiza^ and 
othdr inj^ies attack the bodies of living caterpillars, and gradually destroy 
aif the internal parts, aud fill the am wiw a solid mass of- mycelium. 
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which after a time sends up a filiform or clavate receptacle bearing the 
conceptiicles, as in the Ergot Fungus. ISphceria includes numerous 
species, with less-developed i*eceptncl(J8, growing upon leaves, wood, bark, 
&c. of trees. Jlypoxyla grow upon decaying wood, probably exerting a 
destructive action ; when they tire placed in situations unfavourable to 
the production of fruit, tluty often form large amoi^hoiis masses of hard 
fungoid substance, sometimes described as distinct kinds of Fungus under 
tlie name of Sclerotimn^ WdzAmwrpha^ &c. 'J'he Vhmidiete grow on 
veg(5table bodies, (diietlv those decaying after the completion of their 
vital function, as on fallen leaves, baric, &c. The Uredme€C attack the 
leaves and herbm^eous organs of living plants, tlnnr inycellium ramilying 
in the tissues btmeatli the epidermis, and pushing out perithecia (or con- 
ce])tacles) {hrougli the latter at ^'al*ious points ; they constitute some of the 
most noxious vegetable pests of agriculture and horticulture, Puccinia 
fframuiM forming the “ Mildew ” of Wheat, the stylosporous forms of the 
g(»mu*a of this same tribe (known as species of Uredo) constituting the 
“blights,” “rusts,” &c. of corn and other cultivated plants, Calvomonmij 
tbe*“ white rust ” of Cabbages, &c. &c. Among tin; iWiaporecpy Et'ysiphe 
iindudcs a number of epipliylloiis Fungi, the mycelium of which spreads 
over th'# sintii(;e of living leaves, forniiug a (lottony web obstructing 
growth andrt'spiratioii, it'prodiicing itself on an enormous scale hjeonidia 
or detached terminal cells «)f branches i()idit(m)y as well as by spends 
formt'd ill conceptacles. The Vine-mildew lias been referred" to this 
tribe under the name of Oidium I'ackeri) it appears rarely to produce 
perfect fruit. 


Order CLXXXIII. EOTRYTACE.E. 


{hwUiding Haplompvefvs o/* Fries Hyphomyevtea and Phywmyvetvi^^ 

CyatoporecCy TrichonjMi'vtOj ami Arthrosporveo of Ijcveille.) 

5p58. Dlaynosis, — (Fig. 408, p. 444.) Microscopic fungi vegetating 
by a flocculent tluillus, often parasitic, of which the filaments rise up 
directly into simple or ramified pedicels, bearing at the extremity 
(or the ends of their branches) a free Bjiure, a chain of spores 
(fig. 4(58, B, c), or an expanded cell filled with free spores discharged 
by dehiscence (fig. 408, d). 


Illitsthative Genera. 


Tribe 1. ANTENNAXtlEiE. 
Antemiaria, Corda, 

Tribe 2. Dematiea^x 
C ladosporium, L7c. 
Dematium, P. 


Tribe 3. MucKDiNEiE. 
Penicillium, Lk, 
Aspergillus, Mich, 
Botrytis, Mich. 
Tribe 4. Mucohe-e. 
Mucor, Mich, 


AfBnltiefl. — Tlie filamentous Fungi or Moulds” are connected with the 
Orders with a naked receptacle by the relation of Bcmaiicm to Isat'ietBj 
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while the AtUennartea are probably allied to the conceptacular Fungi 
through Penspot^eee, lu Aiitennariea the ilocculent mycelium is highly 
developed, ana the, spore-fruit is produced at once from it, the pai*ent- 
cell of the spores being surroundea by a kind of false penthedxim growing 
mp over it in the form of cellular filaments. In Dematme the mycelium 
is little developed, and the pedicels bearing the spores are rigid and dark- 
coloured : they are not clearly understood at present. In Mucedmect a 
fiocculent mycelium sends up solitary simple or branched filaments with 
the free points tipped with a single spore or chains of ^ores falling oil’ 
when ripe : the mycelium is also freely increased by cmidia^ consisting of 
globular or oval joints of the mycelium-filaments, falling apart instead of 
growihg out into fiocks. In Mmor the feitile pedicels are tipped with a 
globuhu’ cell enclosing a number of minute free spoi’es. In Sj/zpr/ites there 
has been observed a process of “ conjugation ” luve that of some Algie. 

Distribution. — Universal, forming moulds, mildews, &c. ; occumng 
constantly in infusions of organic matter and even chemical solutions, 
as “ mother,” producniig various fennentHtions and decompositions. 

Qualities and Uses. — Some of these insignificant plants are of vast 
utility to man through the chemical clninges which tJiey produce in tin? 
substances in which they flourish. In their perfect forms iheyprestmt 
Iheiiiselves as moulds, mildt*ws, «&rc., as in : — Miwor Mucedo, tin? cominon 
nioidd of paste, &c. ; PmkiUium the blue, gr(‘en, or yellow mould 

which equally or still more readily appears on decaying vegetable sub- 
Btances ; A»pergiUm (flaucm^ tin? gi’cjen mould of cheese ; liotnflu rultjark^ 
a broum mould constantly attacking leaves decaying in a moist atino- 
CT)here &c. The I’otato-fuugus, Potrytia infestam^ is another example. 
But sonic of these will gi*ow extcn8ivc?ly and increase by yi‘getativc 
reproduction (by conidia, or isolated cells thrown oil* by budding of the 
mycelium) to an almost unlimited extent in suitable media: thus 7Vw/- 
ciilium fflaitcum gmws in saccharine liquids, in the form of fiocculent or 
gelatinous masses, constituting the curious object called the Miu?gRr- 
plantjthe vegetation of which converts the solution of sugar into ^•inogar. 
This grows at ordinary tempt?ratures. There is every reason to believe 
that the Yeast-plant, the growth of which produces the “ fermentation” 
of beer and other liquids, and the ‘‘ working ” of bread, is a mycelial form 
of PenitHlhim ylaucxim^ wholly composed oivmidml cells which* never grow 
out into filaments, but bud continually iuto new vtmidia under the in- 
fluence of the elevated temperature which is requisite to produce this fer- 
mentation. Ilallier considers it to he the conidial state of a Lepiothrix, 

(xV detailed account of the most important phenomena exhibited in the 
development of Fungi, Uchens, and Algae will be found in the " Micro- 
mphic Dictionary.” In the systematic study of these Classes and of the 
Crj'ptogamia generally, the student must have recourse to Mr. Berkeley’s 
^ Introduction to Cryptogamic Botany.’) 
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ARTIFICIAL ANALYSIS OF THE CLASSES AND 
PRINCIPAL ORDERS*. 

Series I. FHANEROOAMIA— FLOWERING PLANTS. 

Div. I. Flowers with pistils containing tite 

ovules in closed ovaries Angiospebmia. 

Div. II. Flowers imperf(‘ct and incomplete, con- 
sisting of scales, llie lemale with naked 
ovules, on the margins or upper face of 
the scales, or isolated Oymnobpebmia. 

Div. I. Angiospemda. 

Clms ]. Cross section of the stiw exhihiliiig 
one or more coniph'te rings of wood divi- 
ding a central })iih from a separabhi rind 
or hark ; leaves mostlv with arborescently 
hranched reticiilatcHl ribs ; calt/a: and corolla 
moj'tljr 5- or 4-merous j emhnfo with two 
opposite cotyledons Dicotvledones. 

Class 2. Ooss section of the sU>m exhibiting 
the wood ill isolated fibres, without distinct 
pith or bark j leaves mostly with parallel ribs, 
or, if reticulated, with the s(*c‘ondary ribs 
suddenly smaller ; vah/x and corolla »‘i-me- 
rous (periantlis apparently <»-merous) ; cm- 
brye with one cotyledon, or a rudiment of 
a second alternate Monocotyledonf.s. 

Class . 1. Dicotylkdokks. 

Subclass 1. IVtals distinct, free, emerging 
directly from the receptacle j stamens 

hypogynous A. Thalamifiorcb (197). 

Siibctass 2. Petals distinct or coherent, liy- 
pogynous or perigynous ; slameus perigy- 
nous or epigynous R Calyci/lora (250). 

. Subclass 3. Petals coherent, hypogynous or 
epigynous ; stamens epipetalous, or more 

rarely hypogynous C. CoroHifiora (292). 

Subclass 4.‘ Tet^s absent, or forming a green 
perianth with tlie sepals ; sepals green or 
coloured, sometimes abortive D. IncompleteB (330). 

^ xne arrangemenL in uie loiiuwiug is purposely maae uinereni m 

some particulars from that given in the detailed list of Orders, so as to increase 
the student’s facilities for determining the Order to which any particular plant 
may belong. As it is drawn up for beginners, it refers almost exclusivriy to 
Orders or representatives of Orders commonly to be met with, either in a wild 
state or cultivated in gardens in this country. 
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A. Thalamiflobab. 

I. Placentas parietal. 

a. Seeds exalbuminous. 

* Flower rej^iilar. 

1. Stamens 0, tolrad^’namous 

2. Stamens nuniafous 

3. Stamens ecnial to the petals, or 

double 

I^ower irregular 

h. Seeds albuminous. 

* Flower iiTegular. 

1. Stamens 5 

2. Stamens (>, diadelphous 

♦* Flower regular. 

1 . Sepals 2 

2. St?pals 5, {estivation imbricated . . 

3. Sepals o, mstivation contorted .... 

II. Placentas covering the dlss(»pinients 

in. Placentas axile, or on the ventral suture of 
simple pistils. 

a. Seeds albiiminouS; with a straight einbrj'o 

* in the axis. 

♦ Fruit^oiuposc'd of several separate carpels. 
1 . Tlowers perfect, peiitaiuorous or 

tetranierous 

Flow'ers peiiect, trimerous 3 trees or 
shrubs. 

Leaf-buds euclo.sed by stipules, 

mstivation imbricated 

Leaves exstipulate, mstivation 

yalvate 

3. Flowers, through abortion, dicli- 
nous 

** Fruit composed of 1 CBjpel, anthers de- 
hiscing by valves ....•; 

♦** Fruit two- or many-ceHed; composed 
of coherent camels. 

1 . Flowers irregular, perfect 

2 . Flowers regular, diclinous by 

aboiiion. 

3. Flowers tegular, perfect. 

Stamens opposite the petals . . 
Stamens ^alternate, znonadel- 

‘ phous 

' 'Stamens alternate, distinct .... 

■ ^ Staifiens numerous, free or poly- 
adelphous 


Ciwiferm, 14. 
Capparidacecn^ 15. 

Tamancaceec^ 22. 
liesedacetB^ 10 . 

VioUtcvdpj 20 . 

Fumariacem^ 13. 

Paptm^rttveePy 12 . 
JJrost'rnrpfp, 10 . 
CidaciifP, lx. 

Nympliceacecey 1 ). 


Pauunmdacecey J. 

Maffnoliacc€r, 3. 
AnoHacctOy 4. 
Memspci'fnacenB, 5. 
lierheridaceoiy 8 . 

PolyyalaceeBy 35. 

XanthoxylacenBy 47. 

VUace€By 60. 

Ox(didace€B, 41 . 
Butace€By 46. 

TiUaceeBy 27 . 
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h. Seeds albuminous, with the embryo cuiTed 


round the albumen (in part apetalous). . CarijophyUacemj 23. 
c\ Seeds exalbuniinous. 

* Flowei*s regular. 

1. Fruit a many-celled capsule. 

Stmneiis definite, distinct Elatinacem, 32. 

Stamens definite, monadelphous at 

the biise Linacea, 40. 

Stainena numerous, polyadelphous . Hypencacea, 31. 
Stamens numerous, distinct or co- 
herent •at the base CameUiaceoi, 29. 

2. Fruit of s(;voral eai'pels arranged 

round joluniclla. 

Sfumi'iis lunierous, monadelphous, 

with 1-ceJled nnthers AfalvacetP, 24. 

StanH'iis (leiii)ile, monadelphous ; an- 
thers 2-celIed OeraniaceWy 42. 

3. Fruit succulent (hesperidium) Aura/Uiacea;, 30. 

4. Fruit a 2-lobed samara Acm'acece, 84. 

Flowers irr(?ga]ar. 

1. Calyx not spurred, 5-merous; em- 

bryo (JiuTed Sapuulacemy 33, 

2. Calyx spurred. 

J^hubiyo curv(.*d Bahaminacemy 43. 

Embryo straight TropcaoUiiceaiy 44. 


As a rule the Thalamiflorfc ai’e polypetalous. Some imtaccse and 
Anonfwea> are monopidaloiis. Apetalous genera and species occur in 
Jtaiiuncidacea^ Menispermaccjo, I’apaveraceio, Caryophyliocem, Byttne- 
riactifc, l'iliae(‘ie, (Teraniacem, Itutacea), Xanthoxylace»,*&c. 

Some of the foregtnng 'riialamitlorous Orders include native species in 
which tin? petals an? abortive, especially llanunculacefiD and OaryophyJ- 
lacem : this is more frequently tlie case with exotic species of these and 
other Orders of this Subclass. 

B. Oalyciflob-^: 

f. PolypetalsD. 

If Placentas parietal. 
lu Seed exalbuniinous. 

* Flowers perfect Cactacemy 76, 

Flowers diclinous Quctirbitacea, 72. 

h. Seeds albuminous. 

Stamens epigynous. 

Stamens 6, distinct lUhesiacem, 76. 

Stamens 6, monadelphous Pa»&yioii*ace€By 71. 

Stamens numerous ^ « Meaem^m^kacmy 69. 
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♦♦ Stamens porigynous. 

Leaves without stipules Port^dacaeeefif 68. 

(Some Saxifragaceee, 65.) 

Leaves with stipules l^ronychiacecBj 67. 

Placentas axile, or on the ventral suture 
^ of the sopai'aie carpels. 

a. Seeds exalbuminous. 


* Leaves with stipules. 

1. Fruit free, a legume or lomen- 

tum ^ Lbguminom^ 55. 

2. Fruit free, a drupe {AmygdahcB)^ 56. 

3. Fruit a succulent or dry etasrio, 

or a succulent or dry cynarrho- 

dum RonaceaUf 56. 

4. Fniit a pome, with a core or 2-5 

stones, and a superior calyx . . (Pome<®), 56. 


♦* Loavps exstipulate. 

1. Fruit with the calyx adherent. 

Stamens Jind p(itals nunierous CalymniJmcext., p. 263. 
Stamens numerous, petals 5 . . Myrtacem^ 57. 


Stamens dehnite Okfigracea*, 62. 

2. Fruit free, 1 -celled, 1 -seeded . . Amcardiacet^f 53. 

3. Fruit free, surrounded by the 

calyx, 2- or many-cellod .... Lythraceee^ 64. 
#4. Fruit of free, simple, many- 
seeded carpels, standing in a 
circle. ( Some Crassulacese are 
monopctalous.) Crasstdaceap, 66. 


5. Seeds albuminous. 


* Ovary wholly or partly free, 

1. Stamens opposite the petals Bliamnaceee, 52. 

2. Stamens alternate, connected at the 

base with the petaAs (Aquifdluicea)^ 06. 

3. Stamens alternate, inserted on an 

hypogynous disk Celastracecp, 51. 

4. Stamens alteiiiate, perigynous, de- 

finite SaxifragacetB^ 65. 

6. Stamens alteraate, perigynous, nu- 
merous {Fhiladelphe€P)y 65. 

*** Ovary quite inferior. 

1. ^tivation of petals imbricated . . ITaloragaeea, 63. 

2. .Estivation of petals inroUed, fruit 

a cremoeaip UmbdlifereBj 78. 

8. Estivation of petals valvate, fruit ^ 

®- ^wjr AraUacea, 79, 

4. Estivation of petals valvate, fruit 

a diupe, Comaeea, 80. 
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U. MonopetalsB (ovary inferior). 
a. Anthers distinct^ stamens adherent to the 
corolla. 

* Leaves opposite, with small interme- 
diate stipules, or whorled with equal 


stipules Hubiaceaif 82. 

** Loaves opposite, without stipules. 

1. Stamens opposite the petals Loranthacea, 119. 

2. Stamens alternate with the petals. 

Ovary many-celled, seeds albumi- 

n(ms C^prifoliaceeBj 81. 

Ovary 1 -colled, seeds albuminous . . DipsacenRj 84. 
Ovary J -colled, seeds exalbumiuous ValerianaceeBy 83. 

*** LoaviiS alternatcj, without stipules. . . . Campantilacea, 87. 

b. Anthers distinct, stamens hypogynoq^ . . ( Vaceime€B), 88. 

c. Anther’s coherent (syngenesious). 

* ^'lowers collected into capitula Compositoi, 85. 

Mowers solitary, irregular LobeliacetSf 80. 


Som# polypotalous Calyciflorip have the stamens inserted at the very 
base of the cal^'^x, so as almost to resemble Thalamillorse, as in Legumi- 
nosm and l*ortulacacete. Apetalous genera and species occur here also, 
among the Leguminoste, llosacesc, Myrtacese, llaloragaceie, llhamnacoie, 
Celastracea), Lythracom, Portulacticeae, 8axifi*agacesQ, Loranthacess, &c. 


.0. CoilOIXlFLOlliB. 

I. Flowers regular. 

II (Stamens hypogynous, anthers dehiscing 

by pores 

Stamens hypogynous, anthers opening by 

slits) . . .‘ 

Stamens adherent to the corolla, anthers 
dehiscing by valves. 

a. Comnound ovai’y not deeply lobed exter- 
nally. m 

* Stamens alternating with the teeth of 
the corolla. 

1. Stamens mostly 6, rarely 4 or 6. 
t Seeds exalbuminous. 

Embryo with plaited cotyledons 
Embryo without distinct coty- 
ledons 

tt Seeds albuminous. 

Leaves opposite, without stipules 
Leaves opposite, with stipules . 
Leaves alteiiiate^ capsule 2- 
celled (rarely many-celled) . . 

2. Stamens 4 or 1, corolla membra- 

naceous 

3. Stamens 2 


Hricacca, 88. 


Convolvulacea, 102. 

(CtiactUecB), 102 . 

Geniianaceaf 98. 
Itopaniacea, 97. 


Solanacea, 103. 

PUmtaginwem, 91. 
Okacea, 89. 
z2 
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** Stamens opposite tlie teeth of the 
corolla. 

1. Ovary l-celled, 1-ovuled Hufiiba^ftnacea, 92. 

2. Ovary 1-celled, iiiaiiy-ovuled,with 

a free central placenta Primulaceec, 06. 

b. Ovary of 2 more or less united carpels 
(separatinp^ in the ripe fruit), with 
sti^as confluent. 

* Stigma discoid, free ; stamens distinct, 


pollen pulverulent, aestivation of co- 
rolla contorted Apocf/nacerr, 90. 

** Stigma fi-angled, anthers adherent to 
the stigma, pollen waxy, uistivation 

of corolla mostly imbricated Ami-pmUacere^ 100. 

V, Ovary deeply divided into 4 lobes, sepa- 
rating in the ripe fruit lioragimiveccy 104. 

II. Flowers irregular; perfect stamens almost 
always less than o, often didynamous. 

Ovarv deeply divided into 4 lobes, sepa- 
rating when ripe Labiainty 1011. 

11^ Ovaiy not separating into lobes. 

a. Ovary 2->4-cellod ; seeds solitary or 2 in 

each cell VerbefuicetP, 100. 

b. Ovary 2-celled ; seeds winged, many in 

each cell, exalbuminous Biynmiacete^ 108. 

c. Ovary 2-celled ; seeds wingless, attached 

to hard placental processcjs, exalbumi- 

nouB ; bracts mostly lai-ge Acanthacecn, 107. 

d. Ovary 2-celled, seed albuminous Scr<^1iula?'uicemy 111. 

«. Ovary l-celhsd, with parietal placentas, 

seems albuminous. • 

1. Leafless parasites OrobanchaceeB^ 110. 

2. Leafy plants ; calyx half adherent. . Craaneraea^, 109. 

/. Ovaiy 1-celled, with free ceiftral placenta ; 

stamens 2, anthers 1-celled, seeds with- 
out albumen Lentibulacem, 112. 


Some Ericaceae, Primulaceao, Plumbaginaceae, &c. have polypetolous 
corollas and hypogynous stamens. Some Primulacese and Oleaceic arc 
apetalous. 


D. MONOCHLAMYl)E.a!. 

A. With a distinct whorled perianth. 

I. floTfors perfect (with, stamens and pistils). 

51 Ovary superior, 
a. Ovary 1-celled, l-seeded. 

* Iieaves stipulate, oohreate Polygonaeeti^ 113 . 
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** Lciavos exRtipulato. 

1. Anthers bursting by lid-like 

valves 

2. An tilers bursting longitudi- 

nally. 

t Peii until long, tubular. 

X I’erianth forming a hard enve- 
lope to the fruit 

tt Perianth not hardened. 

Stanums in the points of the 
• segments of the perianth. 
Stamens in the tuoe of the 

perianth 

tt Perianth short, segments s(ipa- 
rate neaaly to the base. 
Stamens opposite the segments. 

Flowers with bra(;ts 

Flow^ers without bracts . . 

fT. Ovni'v composed of several cai’pels, 
separate or combined into a 2- or 
many-cellcd ovary. 

* Jjeaves exstipulate 

Leaves stipulate 

ff Ovaiy inferior. 

а. Ovary 1-celled 

б. Ovary 3-C-celled 

TI. Flowers diclinous. 

^ Ovary superior. 

a. Ovary 1-celled, 1-se^ed. 

* Leaves exstipulate. 

perianth tubular 

Perianth short, segments deeply 

divided 

Leaves stipulate 

b. Ovary many-celled. 

* Leaves exstipulate. 

Ovules suspended 

Ovules ascending 

** Leaves stipulate. 

Flowers in catkins 

Flowers not in catkins 

Ovary inferior. 

^beaves exstipulate. 

Flowers in catkins. 

Leaves alternate 

Leaves opposite * 


Lauraccfi*, 117 . 


Nyctaginaccis, 114. 


Vtoteaceoiy 123. 
Thymelaceaiy 121. 


AinarantaceaBy 115. 

Ckemj^inceoiy 110 . 


PhyU)laccace<By p. 339. 
UhnacecB, 127. 

SantalacetB^ 120 . 

Ariiitolochiactidey 137. 


My^'idkacerBy 118. 

ChenopodiaceiBy 110. 
VriioacetBy 126. 


IkiphorhiiiceeB, 124. 
EtnpetracecRy p. 340. 

Bettdacemj 131. 
EupfmhiacecBy 124. ^ 


Myricace€e, p. 366. 
Juglandace€B, 129. 
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** Leaves stipulate. 

1. Fruit in a cupule ISO. 

2. Fruit naked. 

IVuit simple {'Begoniacew\T6, 

Fruit mimiple (sorosis) (Artocarpea), 126. 

B. With perianth in the form of bracts or ab- 
ortive. 


T. Flowers hermaphrodite. 

Ovary 1-celled, 1 -seeded j ovule erect . . PtperacecD, 134. 
II. Flowers diclinous. 


II. Ovaiy 1-celled. 

* Leaves exstipulate ; flowers in catkins 
** Leaves stipulate. 

t Ovules numerous, seeds comose .... 
tt Ovules solitaiy' or twin. 

Ovule erect 

Ovule pendulous 

b. Ovary 2- or more-celled. 

Fruits usually tricoccous 

Fruits indehiscent, seeds peltate .... 


Mgricacea, p. 355. 

SalicacecD, 182. 

MifricacetSBy p. 365. 
Tlatanacece, 126. 

Euphovhiacea:, 124. 
Callitnvhacete, p. 360. 


AjpeUilovJi flowers 

occur by aboitiion in the following Orders : — 

A. ThaUimflw€e : BanunculacesQ, Meniraermaceas; Papaveraceae, Caryo- 
phyllaceas, Sterculiaceas, Tiliaceae, GFeraniaceae, Kutac^eae, &c. 

B. Cdlyciflorai Gelastraceas, Ehamnaceae, LeguminosaD, HosaccaQ, Ly- 

thraceae, MvrtuceaQ, Haloragaceae, CuqprbitaceaQ, Passifloraccae, Por- 
tulacaceae, Saxifragaceae, Loranthaceas, &c. 

C. CordUyioreB : Oleaceae, Piimulaceae. 

D. The affinities of the Order Myristicacea) are to the Thalamidoras ; of 

the Begoniaceas to the Oalycidorae, such as. Cucurbitaceae. 

Class. 2. Monogotylebones. 

Subclass 1. Flowers with a double S-merous 
petaloid (rarely scaly) perianth, or with 
a green 3-merouB cmyx and a petaloid 

3-merous corolla A. Petaioidew (372). 

Subclass 2. blowers without a perianth, or 
with a few scales or bristles, the whole 
V ato on a spadix naked or enclosed 

..in a spathe £. Spadic^ttm (365) 

^tdkHass 3. Florets enveloped in imbri- 
cated, mostly keeled, green or brown 

, not in regular whorls C. OhtmiflareB (366). 
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A. Peta^oide^. 

I. Ovary superior. 

a. Flowers perfect, 

* Seeds exalbumiuous 

** Seeds albuminous. 

1. Perianth scale-likc. 

Leaves pinnate or palmate 

Leaves grass-like 

2. Perianth petaloid. 

Fruit capsular^ septicidal; stamens 

(j, extrorse 

Fruit capsidar^ loculieidal ; stamens 

6, introrse 

Fruit a succulent beny 

b. Flowers diclinous 

II. Ovary inferior. 

a. Flowers diclinous. 

Leaves witli netted veins, seeds albuminous 
Leaves with parallel veins, seeds exalbu- 

minous 

ft. Flowers perfect. 

♦ Flowers regular. 

1. Stamens o, extrorse 

2. Stamens (5, introrse. 

Leaves hard, channelled, often scurfy; 

calyx and corolla mostly distinct. 
Leaves soft; perianth uniform .... 
** Flowers irregular. 

1. Stamens 6 or (i 

2. Stamens usually 1, free. 

Anthers 1-ceUed, filament petaloid . 
Anthers 2-celled, filament not pe- 
taloid 

3. Stamens 1, sometimes 2, gynandrous. 

B. SPADICIFLORiB, 

I. Flowers on a distinct spadix. « 

a. Leaves mostly netted-veined, spadix en- 
closed in a large spathe, penanth absent, 

fruit succulent . 

ft. Leaves parallel-veined, broad and. grass- 
like. 



** Stamens on long filaments, pozianth 
scaly or hairy 


Alistnaceaf 166 

Pahnacea, 138. 
JnncacenB, 146. 

MelaMacenBj 144. 

IMiacem^ 143. 
SmUaceeSy 142. 

(JSmilacetsB)y 142. 

Dioscoreaceay 141. 
HydrocharidaeuBy 164. 

IridaccBBy 152. 

Brmndiaceay 163. 
AmaryUidace€By 161. 

MwacetBy 160. 

MarantaceBBy 140. 

ZingiheraceeBy 148. 
OrcJddaceiSy 147. 


AroideeBy 140. 

(Acor€a()y 140. 
Typhaceay p. 360. 
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II. l‘lowcr3 on a spadix reduced to n short pe- 
duncle, naked or surrounded by ii spatlie. 

а. Seeds exalbuminous Naiadacece^ 15(5. 

б. Seeds albiiniinoiis. ^ 

Stem and leaves IdSded in flat floating 

fronds . , . . . . Lemnacem^ p. 371 . 

(). (jl.UMTPL011JK. 

I. Stem solid ; leaf-sbcaths tubular, not slit ; 

glume 1, the flower in its axil; embryo ^ 

basilar, within the albumen C^pvraccm^ 158. 

II. Stem fistiilar; leaf-slusaths slit; glumes 

mostly in pairs at the biiso of a spikelet, 
of 1, 2, or several flowers; embryo basi- 
lar, outside the albumen GramtnaceePj 157. 

Div. II. Oynmospermia. 

I. Stems branched, resembling Dicotyledons ; 

loaves simple. 
a. Stems continuous. 

FortiJo carp(ds several in a cone. ........ Phttirec', 15fl. 

Ovule solitary, surrounded by scales. . . . Ta.vnceap, 160, 
h, St(?ms jointed 161, 

II. Stems simple, resembling Palms; loavfis 

pinnate Cycadacva*, 162. 

Scries II. CRTPTOOAMIA—PLOWERLESS PLANTS. 

I)iv. I. With stem and leaves distinct Angiospoil®. 

Div. II. With a thallus GYMNOSPoniE. 

Diy. I. Angiosporsd. 

1. Plants ^vith well-developed foliage. 

a. Fructification on the lower surface or edges, 

or on metamorphosed lobes, of the leaves. FUices^ 107. 

1. Sporanges with an annulus, dorsal or 

marginal, splitting irregularly (^Polypodieat)^ 1(57. 

2. Sporanges without an annulus, dorsal, 

connate, sj^itting regularly by a ven- 
tral slit *. {Marattieoi), 167. 

A Sporanges with ah obscure annulus, on 
* * metamorphosed pimue of the leaf .... (08rmmde€B), 167. 
4. Sporanges without an annulus, distinct, 

2-valved, on the margin of metamor- 
phosed lobes of the leaf (Ophioffiosseee), 107 
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h. Sporangos in the axils of imbricated 
leaves, or of bracts forming terminal 
8pik(;s. 

1. Civt^ping plants with elongated stetfis 

clotlif3d with inibricfited leaves; spo- 
raiigtts sfiitteied or in spikes 

2. Plants with a corm-like stem bearing 

a tuft of se.«8ile leavcis with sporangos 
imbedded in their axils 

o. Sportuiges in •stalked spore-fniits, arising 
IVoiii the (*roopiiig or lloating rhizome 
near the bases of the leav(%s or petioles. . 
d, IMiniite luftcd or creeping }>ltints with im- 
bricated loaves and stalked or sessile 
urn-shapc'd or oval spomngos arising 
out ol* a vaginule or iiivcdncral sheath. 

* Leaves niosllv spirally imbricated; spores 
• without (datc'rs. 

1. Capsules with a columella, with an 

operculum or iiidehiscent 

2. Capsules with a columella, bursting 

by 4 lateral slits 

♦* Xji'aves distichous, capsules splitting 
into 4 valves, spores mixed with elaters 

II. Plants with abortive foliage, consisting of 

simple or verlicillately branched, jointed, 
fistiilar steins, with whorls of teeth (leaves) 
at tlie joints 

III. Inconspicuous plants wdlli a green thalloid 

frond with or w'itliout a midiib, bearing 
A'agiiiulate sporangos immersed or stalked, 
or peltate receptacles with numerous spo- 
ranges. 

]. Sporangos immersed or sessile, bursting 
irregularly, without elaters 

2. Sporangos as in Jungcrinanniocese {vide 

mjn'd) 

3. Sporauges pod-shaped, 2-valved with a 

collumella 

4. Sporanges numerous, on the underside of 

peltate stalked reireptacles arising from 
the sinuses of the frond 

IV. Aquatic plants with verticillately branched 

stems composed of tubular lilaments, root- 
ing; fruit consisting of solitary ovate spores 
. (nucules) and globular 8-valvod antheridiaji 
attached to the whorled branches 


Lycopodiacea:, 1()4. 
iHoUacecBf 105. 
Mursihncece, 103. 

BnjaccaVf 168. 

AndrcBoeenBf 170. 

J myermanniaevoif 171 . 

Equieef-acea^, 100 . 

Biccieee, p. 420. 
Junyermanmaceeej 171. 
Anth*)ce9'ote€Pf p. 424. 

MarcJimftiaceo!^ 172. 

Ckaraceae^ 173. 

X 5 
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Div. II. GymnosporsB {Thdllophytes). 


I. Aquatic plants^ with a coloured thallus, grow- 
ing in water or on damp ground, leaf-like, 
fil^entous or granular; fructification sub- 
merged 

1. Thallus leaf-like, filamentous or incrusting, 

mostly red or purple ; fructification scat- 
tered or in receptacles, consisting of 
spores, antheridia, and tctraspores 

2. Like the preceding, but olive or brownish 
6. Thallus leaf-like, cord-like, shrubby or 

filamentous, mostly olive or brown ; fruc- 
tification in conceptaeles, collected in re- 
ceptacles ; conceptaeles containing either 
spore-sacs or antheridia or both 

4. Olivo-coloured or brown Seaweeds, with 

superficial or terminal spore-sacs produ- 
cing zoospores witlf 2 cilia, one pointing 
forward, the other backwai'd 

5. Thallus usually men, mostly filamentous, 

or consisting or cellular masses imbedded 
in definite or indefinite jelly ; fructifica- 
• tion occurring in all cculs, consisting of 
gonidia, active (zoospores) or motionless, 
and spores which are matured in parent 
cells after conjugation or fertilization by 
spermatozoids 

6. Mlamentous plants, composed of jointed, 

sheathed filaments, simple or combined 
info bundles in a common sheath, often 
with a spontaneous oscillating motion . . 

7. UniceUulaT plants with angular or vari- 

ously curved walls, free or associated in 
definitely arranged families, multiplied 
by fission, by zoospores, and by spores 
formed in sporanges resulting from con- 
jugation 

a. (^ell-wall membranous, contents green . 
h. (Jell-waU imbued with silica, contents 
brown 

8. Globular or ^quadrangular hyaline micro- 

scopic aquatic bodies, containing green 
zoospore-like bodies whose cilia prmcct 
from the surface of the common envelope 
and row it about 

il. Plants growing over rocks, bark of trees, 
earth, &c., attached by hair-like fibrils; 
thallus leathervy crus^eous or pulverulent; 
fruit superficial or immersed in the thallus 


Algto^ 428. 


HhodoBptrmemy 174. 
DicbyotacecB, p. 434. 


FucacedBj YICk 


Tliccosporecc^ 170. 


Confervoideoi, 177. 


Oscillatoriacetse^ p. 539. 


Diai(mace€e, 178. 
(pesmidiem), 178. 

{Diatmnea\ 178. 


VolvocmeeBy p. 440. 


XmAanace«,176. 
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III. Plants with a cottony thallus or mycelium 
devoid of chlorophyll or starch, growing in 
living or deciding organic matter; fruits 
distinct from the thallus, on a more or less 
developed receptacle 

1. Fungi with distinct fleshy, horny, or gela- 

tinous fruit of definite form, consisting 
of a common receptacle developed in the 
interior of a dehiscent 6r indehiscent sac 
or peridium 

2. Fungi witji dwtinct fleshy, horny, or gela- 

tinous 6uit, consisting of a naked com- 
mon receptaede b(;aring the spores 

f3. Fungi with a distinct or obscure fruit, 
often immersed in the supporting object ; 
hollow conceptacles or open discoid re- 
ceptacles lined with asci or stylosporcs. . 

4. Mmroscopic Fungi, forming mildows, &c., 
consisting of a flocculent thallus with 
numerous erect branched or simple fila- 
ments bearing acrogenous spores or sacs 
filled with endogenous spores 


Fungi j p. 443. 

AgaricaceeBj 180. 
Exidiace€By 181. 

SphaniaceiBf 182. 

Botrgtaceoij 183. 
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PART III. 

PHYSIOLOGY. 


CHAPTER I. 

rilYSIOLOaiCAL ANATOMY OF I'LANTS. 

Sect. 1. The Structtjiie of Plants. 

550. The Phyaiolof^y of Plants is that (h^partment of Potaiiy wliieli 
treats of the phenomena of the Life of Plants, manifested in a series 
of chancres t^ing place in the diverse parts of which eacli plant is 
composed. 

These parts, as we have already seen (Morphology, Chap. I.), 
are not simply fragments, combining to increase the bulk of the ob- 
ject (their size alone having no definite relation to that of the 
entire plant), but they arc instruments^ variously occu])ied in ])cr- 
forming the different functions, the continuous operation of wliich 
indicates tlij existence of what’^c call Life. Tjiese instruments 
a rc called Organs, 

The external characters of the Oigans of plairfe, generally, have been 
described in the First Part |)f this work, and a euuimary indication of 
their functions hiis been conveyed by their classifl^tiwi under the heads 
of Vegetative and Reproductive Or^uB (§ 19). ,®ut the object of the 
Morphological chfmtcrs was to' point out the conditions and relations of 
Foito, as produced by the cx tonal 'yiapeB of the individual ^organs and 
their modes of combination. Here we ha\e to engine the phenomena 
of Vitality, as displayed in the changes they preseUppi the course ’of the 
Development, Growth, and Multiplication of Flouts. 

In the pursuit of this inquiry, it is sqou foulid that we cannot go far 
wi^out penetrating more dc(jply into the characters of Organs ; for it is 
quickly perceived, as might he gathenid even from the manifold variations 
on ea^ type*- discovered. in the study of Moi'phology, that mere extc^riial 
form is no sure indication- of the nature of the vital functions performed 
by the organs of plants, and that the physiological character of an organ 
is dependent in peat part upon its internal composition, or, at least, that 
the existence of a partiqplar internal stmeture chiefly detomines the 
funotion of an organ. 
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oGO. The physiological Organs of plants are themselves composed 
of a number of ports, which again exhibit a kind of completeness 
of their own, and a relation to the organs analogous to the relation 
of the latter to the entire plant. These ultimate parts of organic 
bodies, arrived at long before we reach the limits of the possible 
mechanical divisibility of the objects, constitute the ‘‘atoms,” 


physiologically speaking, of plants, and are called the Elementanf 
Oraans. 


When we proco(‘4 to subdivide by mechanical or chemical means the 
substance of tha vegetative or reproductive organs, we resolve it into a 
number of microscopic vesicles and fibres ; and then, if we attempt to di- 
vide these fiirtJier, their distinctive character is lost, and they become^ 
merij fragmemts of vegcitable matter, only certainly recognizable as of 
organic origin by tlieir chemical composition. Under certain limitations, 
we may compare a plant, or an organ of n plant, to a crystal. Each has 
its definite cuaractm* by which it is possible to distinguish it from any 
oth(‘r object. Ihit we might pulverize the crystal, and yet any one frag- 
ment o^ suflicient size for operation would display to the analyst all 
the chemical qiialilh's of the entini crystal ; and if" we dissolved such a 
fragment and crystallized it upon a slip of glass, we should perceive by 
means of the microscope that it solidified into a miniature ropresentatioii 
of the original crystal; moreover, if we then 'collected all the fragments 
and dissolved them, we might by careful evaporation reproduce a ciystal 
exactly like? that from whieli we "started. 

Ip Vegetables (as in Animals) the case is entirely different. When 
we cut a plant in pieces, the parts will differ not only in form but in 
structure, and bear no longe; any recognizable relation to each other; 
we cannot reproduce the plant fixun them, and even the chemical ex- 
aminaf^oii of aifferent fragimmts may give most diverse results — ultimate 
analysis aloiit;, by which they are recolvcd into their mineral elements, 
ariiving at the detection of a common bond am^ng them, fihat of being 
4brmod of compounds wliicli we only meet with in organic niattors. Above 
all, in the act of subdivision, although this may bo carried to a high de- 
gree in plants without destroying life (oven sometimes within the limit 
of single organs), beyond a certain point it results in the annihilation of 
the especial force, thd organizing or vital principle, bv which the organs 
were made to combine their activity to produce the distinctive character 
as an independent individual object... 


561. The diversifies of form and consistence of the Elementary 
Organs gi ve rise to all the differences of physical condition in the 
organs of vegetation and reproduction ; and all those changes which 
collectively constitute the Life of plants depend on the combination 
of a» multitude of minor operations which have their seat in the 
elementary organs, singly or as combined into tissues. The study 
of the Elementary Anatomy is therefore the only secure foundation 
upon which to build tlie Physiology of Plants. 

562. The elementary organs of 'plants ai'o all referable to one 
primary type, which is not only recognisable through a comparison 
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of the fully developed modifications, but is found to be the form in 
which all originate. 

This fundamental organ of vegetable structure is called a Cell^ 

I and may be defined as a closed sac composed of solid memhraiM avM 
fdded wiih fluid or semifluid matter. 

It must not, however^be overlobked that living plants can exist, at 
least for a time, without any bounding cell-mombrane. Thc^erfect cell 
is taken as the fundamentd organ for convenience’ sake, and because 
it presents a deiinito form ; it is not to be regarded as the ultimate 
stinctural unit, because detoched fragments of it' are capable of in- 
dependent existence under certain circumstances. 

The form of the sac, and the consistence of the membrane of which it 
is composed, are points of subordinate importance ; the condition of the 
fluid contents and their more or less heterogeneous character are like- 
wise without influence upon the definition of the perfect cell as the primary 
element of the organic structure of plants ; in which the absolutely essen- 
tial characteristics are — ^the existence of a mtvnJbram or coat forming the 
bound^ ofifie individual cell, and the’eora^^s, isolated by this boundary, ' 
on which^epend the physiological efficiency of the celL 

508. The dell is the elementary organ of vegetable structure, but 
is not the smallest or most simple definite form in which organic 
matter may exist in plants. In the contents of colls we find granules 
of various* kinds <kc., and also fibres ; the former, however, aro not 
direct constituents, of tissues, but occur only among (he emtents of 
cells, as more or less transitory conditions of assimilated matter ; 
while the latter merely form parts of the structure of the cell- 
membrane. 

Under the head of these granules, we comprehend chlorophyll-cor- 
puscles, starch-mins, &c., together with filmneHtous bodies like the 
spermatozoids of the Higher Ciyptogamia &c. Many authors describcL 
also what are termed utricular structures, minute cells within the cells f 
but considerable doubt exists as to the essentiality of the cavities which 
render some of the granular ” bodies vesicular, and, in any case, the coaft 
of the hollow granules has no analogy to the wall of a true cell, since 
it is the active and efficient part of the utricle.” Further notice oi these 
structures is reserved for the description of nuclei, chloroplwll, &c. 

In regard to the fhresj those whiAi were formerly regarded as distinct 
&om the membrane of the cell are merely thickened portions of the wall, 
depending on what are called secondary deposits. 

564. Plants of the lowest organization consist of the ultimate or 
elementary organs in their simplest forms, and may even be so 
simide as to consist of a single elementary organ or cell. A step 
higher, we find plants , composed of a few ^Is connected together 
into a definitely arranged group in their earlier period of existence,, 
and snbsequently separating entirely into the constituent cells, each 
of which lays the foun^tion otM newnciony* 

Jbaaaj^es of UnicelluW plants, in the stricter senae of the wozd, .aie 
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fumiBhed the free DesmidietB &c., such as Closterium (iiff. 462, b, c) — 
of the families of essentially independent cells, dso included under the 
name of Unicellular plants by some authors, by the geometrically grouped 
Bmmiduia (fig. 462, n, a) and the Patmdl^. 

565. By far the greater part of the species of plants are composed 
of an indefinite number of cells permanently combined together, 
forming what arc termed the tissues^ If the cells entering into the 
composition of a tissue are essentially alike, they form a fdnvpU tissue ; 
if cells which have undergone modifications which ^ve them a,n 
essentially diverse character are combined in an anatomically well- 
defined tissue, this is called el ^ompound tissuM 

In the Algie, especially the simpler membranous or filamentous forms, 
we may readily see the uniformity of the character of the cells tiiroughout 
the thaUus (p. 427) the same uniformity prevails through the c^s of 
such tissues as the pith of J.)icotyledonou8 stems &c. But if we exammo 
the wood surrounding this pith, or .e.yen the ribs running into the leaves, 
w(} find a variety of conditions of the elementary organs within the well- 
defined limits of these portions of woody tissue. 

566. The simple tissues of plants are divisible again into two 
primary groups, according to the mode of union of the constituent 
colls. In proper Cellular Tissues^ tlic cells, however firmly coherent, 
Jtre only in cm%tact%j their wallfl, which form a persistent boundary 
between them. In a series of tissues most extensively developed in 
plants of high organization, the cells enter into closer rdation, be- 
coming conilueiit by the absorption of their contiguous surfaces, 
and thus converted into more or less extensive tubular bodies, which, 
in their various conditions, form what are called the ducts and vessels 
of plants. These constitute the Vascular Tissues, 

What are called the vessels of plants are really compound elementary 
organs ; but it is not requisite to enter into more minute distinctions here, 
since the phenomena oifumon of cells into such comf>ound .organs are not 
very varied in plants, and in all cases the composition of the structure 
from a number of distinct cells is very evident. 

567. The tissues, simple and compound, enter into the compo- 
sition of the Organs of Vegetation and Keprodnetion of Plants upon 
a certain gonerd plan for any paH^icular kind of organ, but under 
specially modified arrangements, referable to a progressive series of 
types, in the several large Classes of the Vegetable Kingdom. 


Sect 3 . The Cell. 

Form and Magnitude. 

568. ^e ehap^ and sizes of the ceUe of "plants are deternmed 
bv causes ^ iwo kinds, namdy tkeir own faws of growtil^, wMeC 
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are iiibomAiidhex:e|[litd^; and the. favourable or obstructive influences 
which bear upop their .development in each particular case. 

As a geiier^ si^tement, it may. be said that the primary form of 
the Yogetable Cell’ is that of a sphere ; and tliat deviations from tkat 
typo are more or less attributable to secondary influences, arising 
^om the connexion of cells in coherent groups. 

The spherical form is usually f6und in cells developed freely, t. e, not 
arising from, mere subdivision of a preexisting cell. Thus wo lind em- 
bryonary cells and endosperm-cells in the embiyo-sac of Phaiicrogamia, the 
spores of some 'Ciyptogainia, together with many of tile lower pliwits com- 
posed of one or feV cells only, such as tlidle of growing Yeast (tig. 4()rt, a) 
&c., presenting the spherical as the original foim. But by far the most 
frequently occumng sphtuncal cells, such as many pollen- grains, spores, 
those in the pith of young shoots of Dicotyledons, of the pulp of fruit, &c., 
assume this mnn. subsequently to the earliest stage of development, being 
placed in, circumstances^ which allow them to expand freely according to 
their natural tendency, , , ’ 

569. ^he aboyC gancml siatfemeut is subject to certain important 
exceptions, in which deviation from the typical form exists without 
any interiferenoe frith the development of the cell according to its 
own laws; these arc met with principally in the lower cellular 
pjants, Especially the Uiiicellular Alg«e, in which we find single free 
cells assuming the most varied but specifically determinate forms. 

Plxamples of this are offered not only by the Desfmdterjp, but by the 
more unequivocaUy vegetable I 'mteherierf lioirydixim (tig. 4(i2, E), and 
otliora. 

570. The intorferiug influences above referred to are of two prin - 
ciT»al kin^s , uamefY ;-~s|)(jeial directions assumeef in the devcdopimmt, 
m obefliencc to a law regulating the structure of the organism, or of 
the tissue, of which the cell forms part ; and obstruction to the pos- 
sibility of expansion in certain directions, from the pressure of sur- 
rounding cells. 

These influences tfra very fruitful in producing variety of form. The 
first kind is the most important, and determines the general form of the 
cell ; the second in most cases ailects merely the shape of its external 
surfaces. The form of the cells of fully doyeloped tissues is usually the 
result of both kinds of influence combined. 

571 . In cells existing in combination we find threte principal classes 
of forms, refemblo purely to the influence of the law of development: — 
(1) the spheroidal, obe^ent to the fundamental typo ; (2) the ry/m- 
driml, in which there is a more or less considerable tendency to elon- 
gate in the direction of a vertical axis ; and (3) the tabular, in which 
there is an excess of development in the direction of the two trans- 
verse axes. 

The spheroidal form fresonts every possible transition from the sphere 
(FrotococctiSj pollen of Pase^oray Hdnseusy cells of cortical parenchyma 
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470, &c.), throupfh the ellipsoidal (usual in longer or shorter forms in 
tbe siibopidemial parenchyma of leaves), to the ftmform or spinMe~^pe 
(most abundant in the cells of wood and fibrous -stfuctuses, fig. 471), and 
the. truly cylmdiioal, either of modiBrate length ^ceHs of Confisrvai, fig: 
405, &(;.), or drawn out so as to becoine what is termed ((^otton, 

and other cellular hturs). The spheroidal form also passes gr^ually, 
especially in epidermal tissues, into the tabular form.' 


Fig. 470. 



Fijr. 472. 



Fig. 471. 



Fig. 470. Mcrcnohyioatoiia oells of the rind of 'Kuphor^ia. tumarienHa. Magn. 100 diam. 
Fig. 471. Libcr-oeflB of Ooeoa bofrpophora. Mtign. 60 diam. 

Fig. 472. Farenohymatous cells from the loaf of Orchis masoula, Magn. 200 diam. 


572. Secondary modifications of these forms arise chiefly either 
tom partial cohesion in lax tissues, from irregular growth, or from 
pressure in densely packed tissues. 

Thus the spheroidal form becomes, in lax tissues, an irregular spheroid 
in endless vaneties (commonest of all in the parenchyma of leaves and 
rind of succulent stems), running out by deg^^ into lobed and finally 
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gteUate fonns, by exclusive development of the free surfaces while the 
contiguous cells remain attached at a few points^ e,g, in cells of the paren- 
Chy^ of leaves and letif-stalks of manv Monocotyledons (fig. 472), Mvmj 
Sagittaria (tig. 473), &c., and above all in the pith of Hushes (tig. 474), 
and the stems of various aquatic plants. 

The mutual pressure ot cells, commonly exerted in stems, in seeds, 
hard parts of fruits, &c., converts the spheroidal into polygonal forms, of 
which the more or less regular dodecahedron or tetradecahedron, giving an 
hexagonal section, and arising from equial pressure in all directions, is 
perhaps the commonest (pith of fully developed shoots of Dicotyledons, 


Fig. 473. Fig. 474. 



Fig. 473. Section of a (Bcptiftn of an air-canal in the m'tiole of SagUtaria. Magn. 300 diam. 
Fig. 474. Stellate cellular 'tiaaue ftxnn the petiole ofltni^. Magn. 300 diam. 

Fig. 475. Stellate hair from the petiole of Njympkaa advena, Magn. 200 diam. 


sudi as Elder, &c.), or cuinc, found in wood^ fruits, &c. The cylindrical 
becomes under the saipe circumstances prismatiCf either six-sided with 
flat ends, or with three rhombic faces top and bottom, the common form 
of the cellular tissue of the stems of herbaceous stems (fig. 476)^ or 4-sided 
with ^t ends, as in the medullary riws of Dicotyledons, or with conical 
or oblique ends, the common form or wood-cells. Less frequent are the 
forms of spor^ and pollen-grains, sometunes only temporary, sometimes 
peniiilieii^ arismg from the development of four cells 1^ segmentation of 

i of 

30f 
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the pyramid. In the tabular forms of the cell, the mutual pressure gene- 
rally confirms an originally rectangular figure, the tabular cells of epi- 
dermis and cortical structure being usually of quadrangular or polyan- 
gular figure, flat above and below (fig. 476) ; but in these we have some- 
times a complication from expansion, under pressure, principally in certain 
directions, cells of epidermis of many plants exhibiting side-walls thrown 
into sinuosities following a particular pattern (fig. 478). 

573. liy far the great majority of cells in the higher plants origi- 
nate in forms analogous to those produced by pressure, since they 
multiply by division, and the septa dividing two newly formed cells 
have ordinarily plane surfaces (fig. 477) : a spherical cell forms two 


Fig. 476. 



CoUb of the pith otAearUkuM Been in s yertioal Beotioiu Magn. 200 diam. 

hemispherical cells &c. ; a prismatic cell dividing perpendicularly, 
two half-prisms, or, if horizontally, two superposed shorter prisms, 
&c. As a general rule, these cells have a tendency to assume the 
spherical (or cylindrical) form in their earlier Itages of growth, while 
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the whole mass of tissue is lax ; and if they arc set free, as in tlic 
case of spores, pollen, they often become quite spherical. But if 

they form part of a })erinancnt tissue, the expansion of the organ of 
which they form part stops at a certain 2 )oint, before they cease* to 
swell, and thus the mutual pressure comes to bear upon them and 
causes the production of plane surfaces. 

We may trace this by making sections of the pith of a shoot of Elder 
from the growing point or punct.um vepetntionU downwards : at the point 
the nascent cells are squarish ; lower down they have swollen into sphe- 

Fig. 477. Fig. 478. 



Fig. 477. Young ))rothaUium developed from the spore of a Fern (Pleris semilaia'), 
Magn. 200 diom. 

Fig. 47S. Epidermis of the lower Borfaee of the leaf of KeUehormfvetidvM^ with stomata 
(a). Magii. 200 diam. 

deal, while when full-grown they arc dodecahedral. The similar change 
roDi cylindrical to prismatic takes place in the camhium-ettU-ft of anniiiid 
terns and shoots ; out in Succeeding years th^ cambium- cells formed by 
livision of preexisting cells exhibit a rectangular outline first and lost, 
>nly increasing in diameter, ohiefly in a radial direction. 

574. The magnit ude of cells is very varied. About of an 
nch may beTakcn^ an "average g|P the diameter of parenchyma- 
sells ; the cylindrical cells are especially remarkable for the great 
eogt^ they oi'ten acquire as contrasted with.thoir transverse dia- 
meiw, and with the transverse and pe]!!|N3ndicular diameters of other 
Ihnnfi. 

: v^ESie larger cells of the pith of the Elder are about an inch in 

diameter, but is to bfe regarded as a large diameter in parenchyma. Chi 
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the other hand, the spores of Fungi afford examples of extremely minute 
dimensions, such as to ^0^0 0 i^ch. The cylindrical cells of 
■wood are not uncommonly of an inch in length ; liher-cells sometimes 
from V2 h or J of an inch (Flax). Hairs composed of one or more cylin- 
drical coUs, and the cylindrical cells of some of the Oonfervaa, especially 
Vmcheria^ liryopms^ &c., and Chava^ also attain longitudinal dimensions 
to be measured in inches, while their diameter is estimated in hundredths 
of an inch. 

Tlu Cen^all, 

575 . In all young ctdls the wall is of membranous nature, and in 
many cases it always retains this character. While young this mem- 
brane is freely permeable by water, elastic and llcxible. As the 
cell-wsill grows older it becomes altered in consistence and firmer, 
opposing a greater obstacle to the entrance of water into its substance, 
independently of any great increase of thickness, as wo sec in cork- 
cells ; when it increases in thickness it may remain soft and flexible, 
or become very dense, but in such Cfisesit generally remains tolerably 
freely penneable by water, even when most dense, while the softer 
kinds absorb water so readily that they swell up considerably when 
wetted. 

Menihrane of living cells always appears to contain water as an essen- 
tial part, almost like the water of ciystallization in hydrated salts. Wliei; 
drica, cells couimet more or less ; and many phenomena of bursting of 
fruits, snorangea, &c. are the result of the ti*anng down of weak romons 
of cellular tissue hy the contraction of firmer tissues in drying. Oenulor 
tissues with soft tliick membrar'*, like those of the Alga? &c,, contract in 
drying so as to cause the shrivelling of the structure. All such tissues 
absorb water when wetted, and swell up agrun,hut do not in all cases re- 
assume their original flexibility, dells of wood, liber, &c. also expand 
when wetted j but the (expansion takes place in a direction transverse to 
th(!ir axes, and they usually contract in the longitudinal dimension as 
they swell laterally. Hence, although wood and fibrous structures swell 
in water, it is only in the direction aerm the grain, and cordage simul- 
taneously contracU in the direction of the fibres. 

Diluted sulphuric acid and alkaline solutions cause a swelling of the 
membrane of most cells, of which advantage is sometimes taken in woven 
fabrics to render the stuff cj|oser in texture. By soaking in an alkaline 
solution, the single fibres are* made to swell so as to come more completely 
into contact and fill up the interstices. 

576. Primary, unaltered cell-membrane is colourless ; subse- 
quently it -becomes coloured, usually of a tint of brown, apparently^ 
by infiltration of substances formed in the contents, since by boiling 
the membrane of old, deep-brown tissues with nitric acid, or with 
solution of potash, the oolouiyig-matter may be extracted. 

577 . The original membrane of a newly formed cell is, as far as 
we have the means of perceiving it, a homogeneous layer of substance, 
the j)orotia. nature of which is only to be couctuded from the fret of 
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its permeability, no visible pores being revealed by the most perfect 
microscopes we possess. 

It is important to note this homogeneity of the primary cell- wall, 
as tlie membrane almost always becom(*s marked with dots and lines, 
indicating inequality of thickness, as it becomes thicker. 

.578. This primary membrane apjwars to have the property of 
growing by what is colled intussusception of molecules, since it 
expands to accommodate the increasing contents of the coll in cell- 
growth, without any indication of structure necessarily accompanying 
the expansion. * 

No better example of this can be mentioned than the growth of the 
pollen-tube of Phanorogainiu, which soiiKitimes acquires a length of 2 
or more inches without ever departing from the homogeneous 

pellicular struc^ture. 

Cell-membrane, however, may increase in size by expansion, as we see 
in the cidl-division of (Edogonium^ in which a ihickened ring of accumu- 
lated cellulose is stretched out by the elongating cell and becomes a tliiii 
membranous coat to the latter. • 

The molecular structure of cell-membrane has been studied by Niigcli, 
who, from his researches on the constitution of the membrane of tile starch- 
grain by means of polarized light, comes to the conclusion that all organic 
substances are composed of ^rr^fdaltim molecules grouped in a doliiiite 
, maimer. When dry the molecules are without interspaces ; when moist, 
each molecule is surroundful by a thin film of water. Niifpdi further 
supposes that each molecule is made up of a number of atoms, similar to or 
identical with the atoms of the chemist. The molecules are of different 
sizes ; those portions of the structure richest in water have the smallest 
molecules, llie molecules themselves are of the nature of crystals with 
two optic axes. • 

579. The walls of almost all cells soon exhibit a departure from 
the original simple condition, arising from the fonnation of new 


Fig. 479. 


Fig. 480. 






•490. taiuferieieoti(mofllb()iH)elteof 3C^3Q0diun. 

IniifiwrieMoti^ofathidc-«»llodc»UltettwpilihofJio^a 0 a^ Hwn. 
MQdiSm. 



XSE CWL-WALL. 


479 


lamellaB, more or less resembling the primary membrane, all over, or 
over particular ports of the inside of the primary membrane. These 
are distinguished as secondary layers (figs. 479, 480). The con^^istence 
of these layers, and the mode in which they are disposed, produce 
llic most important diversities of character of the walls of fully 
developed colls. * 

The laminated condition of cell-membrane m^ be well observed in 
simple cellular structures by treating fragments of Chdi^plwra ghmeraJta^ 
or other large (lonfervoid, with diluted sulphuric acid. The laminsB are 
very visible in cross sections of the cells of wood and liber after these 
have been boiled fof^a short time in nitric acid. 

580. Besides the primary membrane and the secondary layers, we , 
find in certain cases a kind of envelope which has been variously • 
explained by different authors. The filaments of some Confervoids ^ 
{Spirogyra, fig. 465), of Desmidium^ &e., the families of cells of* 
Palmdleoc and Nostochineat, are suiTOunde^ by a coat of gelatinous ' 
consistence, outside the proper ccU-membrano. This appears to be 
produced by tlio sotteniiig and swelling up of the parent cells (of 
many generations) of the cells which are surrounded by such 
envelopes. 

These gelatinous coats are apparently mialogous to the inUrcclMar 
substance, as it has been called, to be mentioned hereafter. 

581. Another layer is characteristic of many ceU-raembrane8« 
which arc destined to protect the subjacent tissi^es, or their own- 
contents, from the action of the atmosphere, namely those of epi- ‘ 

( dermal cells and of poUen-grains and spores. These exhibit a super- ^ 
fidal pellicle, of varied character as to thickness, texture, and marking, 
which pellicle appears subsequently to the first formation of the ccU. 
Tliis, like the gelatinous coat just described, is a structure altogether of 
secondary character, but is distinguished from the ordinary secondary 
layers of thickening by its position on the ovbside of the cell-waU. 

It is still a moot question whether these pellicles are secreted by the 
primary membrane on the outside, or are formed by transformation of the 
outer lamincB of the primary membrane itself, whose place is then taken 
by some of the outer secondary layers. This subject will b&more dwelt 
upon under the head of the cuticle, * 

682. The secondary formations on the inside of the cell-membrane 
may (1) correspond in character to the primary wall, in which case 
the cell-wall is simply thickened by new lamellse ; or (2) the new 
layers applying themselves equally over the waU, leave certain parts 
bare, which appear as dots or pits of various forms when viewed 
from the inside (figs. 481, ▲, b) ; or (3) they are applied only over 
parts which form peculiar patterns upon the primary wall, and appear, 
when of sufficient thickness, like^rss adhering to it, spiral, animlar, 
or connected into a kind of network. 
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Those secondary layers which resemble the primary wall, although 
uniformly depositt^d, present in certmn cases an appearance as thoua^h 
their molecules were arranged in a spiral order, since line spiral sti’ci&s 


Fig. 481, B. ' 



Fig, 481, A. Sootion of cells of the endosiierm of a Sogo-Falm. Mngn. 200 diam. 
Fig. 481, 1). Laminated oell-walla of the cells in A. Mogn. 500 diam. 


may sometimes be detected, after treating them with acids and by otluT 
means, and many of them arc apt to tear in a spiral direction. The 
excessively delicate spiral marking here, referred to (seen in liber-cells of 
Vtnea (h^. 483) and most Apocyiiaccm and Asclepiadacefe, in wood- 
etjUs of I?nu8, in the cell-memVane of Mydrodictym, &c.) must not be 
confounded with a deceptive appearance resembling a much coarser spiral 
striation produced# by treating tbe membranes of (lonferva), the paren- 
chyma-cells of Orc?m, Cuctirbitaf &c. with sulphuric acid, where the 
appearance often results from the irregular convolutions of the swollen 
lamellse of the cell-wall. 

583. The uniform kind of secondary layers are sometimes accumu- 
lated at one side (fig. 484), or in the angles of cells (fig. 485) : thus 
they are much tMckcr on the side of epidermal cells next the air ; 
and they fill up the angles of the cells of tho fleshy endosperm of 
many seeds, the cells of the collmehyma found beneath the rind of 
Ghenopodiaoeae, and the cells of the leaves of Nymphmay of some 
Jungcrmanniaceae, &o. There is reason to believe that, in some 
instances, cell-wall thickens at certain seasons and becomes 
thinner at others ; hut this appearance may arise from an alternately 
swollen and contracted state, and not from absorption and re- 
deposition. 

These will be spoken of again under tbe beads of e^demiis and inters 
eMUar substance. 

584r. depodts leaving spots of the primary membrane bare 
form li^l^ are called pitted^ or, less properly, petrous cells. They 
iWe walls of most c^e .of the parenchymatous structures of 
bto plants, in the form of round spots (fig. 476) where the 
Kdxranoim oell-waU is thinner. In w4>od-c^, in liber-cells, 
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and the grea% thickened cells of fleshy endosperms, hard seed-coats, 
&c. the application of a great number of secondary layers upon- 
the wall, always leaving those spots bare, converts the pits into 
canals mnning out from the contracted cavity to the primaiy wall 
(flgs. 480, 481). 

The iTiarka are really always pita at first, as may he seen by colonriiig 
the (Hd l-rnenibrane witli iodiiie. Jlut in old wood-c(!lls they appear some- 
times uT bticome holes, by Surabsoi’plion of the primary membrane which 
Ibrnujd a kind of diaphi^ngni over the outer end. 

These pitted markings may be circular,. oval, or elongated, transversely 


Fig. 484. 



Fig. .J82. Liber-cell of PeriwinWe. Magn. 75 diom. 

Fig. 483. Fragment of the cell in flg. 483, ningniiled ilOO diam. (Tbe spiral lines on tiie oppo- 
site side of the coll show through and cross.) 

Fig. 484. Vertical section of epidennis of Vtscum aUrtim, with many thickening layera Idaga. 
400 diam. 

Fig. 485. Transverse sootion of cells of the petiole of yj/mphtea (Uba, showing the laminated 
wsll. Magn. 500 diam. 

fig. 486, Fragment ofa pitted duct of Magn, 230 diam. 
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or more or less obliquely, so as to approach to the appearance of slits. 
Sometimes the later secondary deposits do not extend quite to the edg;e 
of the aperture in the earlier layers, and the successive layers may so 
retreat from this edge that the canal becomes at len^h funnel-^aped ; 
in this case the pit, when seen in front, presents a double outline, one 
corresponding to the outer end, the other to the inner and wider end 
(fig.480). 

This condition may be further complicated by the existence of a len- 
ticular depression between the contiguous outside walls of pitted cells, as 
in Conifera^ (fig. 487). The outline of this depression gives the appear- 
ance of jBi circle surrounding the central pit. Schacht, however, asserts 
that the pit is a real perforation, and, further, that in the very young 
condition the lenticular cavity between two adjacent cells is divided into 


Fig. 487. B. 



Fig. 487. Fite or “Glands” of Conifem. 

A. Fart of a wood-cell of GiiOjm biloba, in rertioal section. Magn. 500 diom. B. Tranaversf 
^tion of a wood-cell oi Finut Pinea : a, a bordered pit, or “gland.” Sfwn. 1000 dUun. 
0. Fram^ent of the wall of a wood-cell otPinuM Pineth with a bordered pit or “ gland : " 
a, the pit ; 5, the large ring, cauaed the lenticular interspace (a). Magn. 1000 diom. 

two compartments by a thin longitudinal partition, which is the primaiy 
deposit of the two cells. The lenticular cavity is formed by the resolution 
of, this deposit, and aicommunicatign established between the two adjacent 
These are^ted pits (or macul^ as Sebaeht colls them) are not, as 
^iDtce suppwdi coufiped to the donifbim ; but they are univers^y 
fliiw tbar^ughoiiti^At group with a regularity of disposition and constancy 
pf not known elsewhere. " . 

. d8S. com^H^ of the pitted atructiiro has, moreover. 
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been described by Yon Mobl as occurring in the voBa propria of the 
vascular bundles of Monoco^ledons, and in the thin-wallcd cells, 
layers^ of which alternate with the long woody fibres in the liber of 
Dicotyledons. In these cells, which that autW calls “latticed” or 
“ clathrate ” cells, the membrane which forms the diaphragm dosing 
large pits is marked with an excessively delicate network, apjiarently 
formed of fibres apjdicd upon the primary membrane. This occurs 
not only in the pits of the side- walls, but in those which are found 
on the septa between cells standing one above another. 

This discovery is qf much interest, and is likely to draw more attention 
to the libei^striintures, which have hep neglected by anatomists, but 
wliich may possinly take an important share in the mstribution of the 
elaborated sap. 

5S6. The “ fibrous ” secondary layers may present the form of a 
single i 9i)ir;il band, running from one end of the cell to the other, 
and witnThe turns of the spire quite close, or more or less distant 
(fig. 488) ; or the spiral band may Je double, triple, or even consist 


Fig. 490. 



of six or more parallel bands, Yery^ften these spiral secondary 
deposits are sufficiently elastic to allow of their being stretched ou^ 
the comi>aratively thin primary membrane ta wU^ they adhere 
giving way at the interstices. 

In colls of th^coat of the seed of Coilomm, the primaiy membran^. 
becomes, during .lhe^i>euing of the seed,' converted into a substabe^; 
whidi Boftensvand swells up in water: so thakwhen this structure U' 

• t2 
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wetted, the spiral fibre springs out, opening its coils widely like a wire 
spring. 

687. The annular thickenings (fig. 489) are loss comraotl than 
the spiral, hut occur sometimes in the same cell, and also in asso- 
ciation with the next kind, the reticulated. The rings arc generally 
at somat^ little distance apart. 

688, The reticulated secondaiy layers may bo uniform over the 
wall of the cell, or irregular (fig. 400), which is more fro()U(?nt. since 
the ordinary cause of the reticulated api)carancc is tlie fonnaiion of 
vertical connecting bars between rings or spinil .^coils, at the angles 
of the cells ; when this occurs very regularly, a ladder-like arrange- 
ment results, giving what is called the mtlartforui stnicture, espe- 
cially frequent in the vascular structure of Ferns (fig. 491). 


Fig. 491. Fig. 402. 



The connecting bars of the reticulated and scalariform cells must not 
he supposed to originate after the rings or spirals j they are contempo- 
raneously developed ; and the diversities in the closeness of ^the coils of 
cells are likewise original peculiarities of the deposits. The statement 
that the turns of spiral cons are opened by longitudinal growth orSio* 
primary membrane to which they o^cre seems to he founaed on sp^efi? 
lative notions. 

The spiral structure of secondary deposits is heautifully^seen in the 
elaters of Junge^rmamtia and Marchmdiaf in the cells of the aerial roots of 
epiph\1;ic Orchids, in the cells of the wood of Cactacem, and in the spiral 
vessels of the veins of the leaves and leaf-stalks of Monocotyledonous 
plants, .such as the Hyacinth, P^arcissns, Muea (which presents as many 
as 20 parallel hands), shoots of Elder, loaf-Malks of garden lihubnrb, 
Strawberries, &c., also in the petals of delicately orp^zed fiowers. Annu- 
lar cells are well seen in the sporanges of Marchantia and other Liverworts, 
and in many of the structures just mentioned with spiral and reticulated 
cells. The scalariform mfrking is most r^ular in Fems. 

689. Tbo scalariform. thickening approaches veiy nearly to the 
more regular forms of (thd dotted tMckening above described, so that 
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the spiral-fibrous and the dotted forms appear as the extremes of an 
analogous kind of structure. 

In many wood-eells, especially in root-structures, the reticulated or 
si^alariforni cells have the meshes so small that they become in fact 
pitted cells. 

In some cells both kinds of thickening occur , so that it is con- 
vemont to disfinguisli tertiarii layers In tlie wood-cells of the ' 
Yew (tig. 492), of the Lime, and other plants the secondary layers 
are pitted, and a tertiary deposit Bubsequently appears in the form 
of a spiral fibre. • 

The pits on Ihe walls of contiguous cells correspond, and they do not 
gcuiernlly occur opposite intercellular spaces, or on the outside of epidermal 
cells; but exceptions occur to both these rules, to the latter especially 
in the leaves of Cyim. The first rule has much influence on the marking 
of the large cells forming part of ducU, which are often in contact with 
st'veral ctdls, one above another, and with pavenchyina-cells,’ other ducts, 
or with inteitrcllular sm(ics, on diflenmt sides. In the wood-cells of 
Coiiifi'rjB. thii peculiar oorderod pits occur only on tlie sides parallel to 
the medullary rays, not on the internal and external walls. 

590. (Vll-meinhraucH, including the secoiidaiy layers, are composed 

of the siibstunco calhjd cel/nlose^ which is one of a class of organic . 
cotni)oiinds intimately connected as regards chemical constitution, 
but presen 1 ing rein arkablc physical diftereu cos. Of these compounds 
the niual important are : — sieyar an d soluble in cold water, 

and occurring in solution in th^ coEFsan ; insoluble iiL^old, 

but softening and swelling into a mueflagtT In boiling water, and 
found in the form ol’ granules in the cell-contents ; and celludose, 
insoluble in cold or boiling water, alcohol or ether, obstinately re- 
sisting the action of alkaline solutions, but soluble in strong sulphuric 
acid, and forming the permanent solid parts of vegetable structure. 

591. Ccll-mcmbraiys, comT)osed of 
pure coHulose^ orifrinaliy. un^an 
c hanges at' subsenuent periods which 
alter, in a marked manner, thSr beha- 
viour ^awards chemical reagents ; and it 
is not at present certainly ascertained 
what is the real cause of the series of 
modifications which they present. If 
we compare the membrane of a nascent 
cell, of thick-waUed parenchyma, the 
solid and often dark-coloured walls of 
the cells of old heart-wood, of liber- 
cells, the very resistant membranes of 
corky tissues, and the layem of gela- 
tinous or cartilaginous consistence so 
abundantly devdoped in the larger 


Fig. 493. 



WlAl of the celle of the liber of Omm ' 
a, primary membrane; b, oldest 
secondary layers; a more. recent 
secondary layers ; the layers 
nuA>](ed b are strongly incrosted. 
Magn. 600 diam. 
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Algce, we meet with extremely different characteriatics, for the ex ^ 
planation of which different views are entertained. On the one land 
it^saS tliat the ceUnlose produoad in the formation of tlie original 
membrane or layer of thickening becomes gradually converted into 
different but related chemical compounds; on the other, that the 
cellulose layers become impregnated by foreign substances, gradually 
infused into them from the fluid contents, such substances being 
distinguished by the name of inermtlng matters (fig. 493). A third 
view is that of Fremy, who considers that there are several kinds or 
modifications of cellulose, and, moreover, that those vegetable struc- 
tures formerly considered to be made up exclusively of cellulose, 
contain matters of a different chemical composition. 

Cellulose, as found in the organized condition of cell-membrane, 
appears to behave somewliat differently to chemical reagents according 
to the state of aggregation of its particles (that is to sny, its density) ; for 
nascent cell-memhranea will in many castfs assume a violet or even a blue 
colour when treated with a strong solution of iodine and wasiU'd with 
water, like starch. The same is the case with some of the semigiilatinous 
layers of thickening met with in tlie endospenn or cotyledons of certain 
scids (called amyhid)^ and, moreover, in the ccll-siructures generally which 
have been treated in the way described below, to remove tlui so-called 

incrusting matters.” But as a general rule, cellulose does not take a 
blue colour wdth aqueous solution of iodine, unless some other agent, 
especially sulphuric acid, is applied at the some time. A solution of 
iodine in cbloiide of zinc brings oiifr a blue colour in fully develop(jd 
cell-membranes, still more readily than the sulphuric acid with iodine. 
These reagents readily affect newly formed tissues in general ; and the 
more delicate kinds of cellular tissues are permanently sensitive to them. 
But after a time the thicker ctdl-membranes, and especially those of woody 
tissues, the cartilaginous structuri^, and the tissue of ^iUermis and bark, 
no longer become blue, but only yellow or brown with tne above reagents ; 
and it is the real cause of this alteration which is the subject of tW dif- 
ference of opinion above referred to. 

By maceration for several hours, or boiling for a minute or two, in nitric 
acid for woody and cartilaginous tissues, in strong solution of potash for 
epidermal and corky tissued, bringing the cells to a point where they still 
exhibit all their structme, but are bleached and softened, thtm washing 
them with water and applying iodine, a blue colour is produced, like 
that appearing in nascent cellulose, or in tolerably new tissues under the 
influence of sulphuric acid. 

It remains to be ascertained whether these processes alter the com- 
position of the cell-membranes, or merely remove infiltrated matters of 
nitrogenous composition. The latter view is supported by the fact 
that, in imperfectly prepared objects, some of the more resisting layers 
appear grem^ which would seem to result from an optical combina- 
tion of the blue of the cellulose with the yellow of an infiltrated 
matter. At the same time it must be noticed that the cellulose is 
brought into a condition approaching that of starch, only normal in 
nascent membranes and in the semisolid doposits of amyloid” above 
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mentioned. Fr^my, as above stated, considers that there are other suh- 
stanoaa. besides celfidoBe entering into the composition of vegetable cell- 
walls. forms, the cell-wall of the cellular tissue of hark; 

fruits, roots, &c., and is soluble in ammoniacal oxide of copper. TVira- 
celhdme is found in the cells of the pith, the epideiniis, the mednllary rays, 
i^c. ; it is soluble in the copper solution, hut only after special treatment. 
Ftbrow is the constituent of the wood-cells, and is insoluole in the copper 
solution, except after special treatment, hut soluble in strong sulphuric 
acid. Vasculosfif the suostance of which vessels are formed, is insoluble 
in hydrochloric and sidphuric acids and in the copper solutions, hut soluble 
in boiling caustic po^sn. 

592. Cell-membrane in most cases contains a certain amount of 
inorganiclnatter ; Tint tliis is proliatily attnbnta'ble lii general to its 
being saturatecT with the watery cell-sap,, in which various salts 
exist in solution. In particular cases, however, there is a special 
deposition of inorganic substance in the walls of cells — as, for in- 
stance, in the Grasses and the Equisetacem, and the Cano-Palmf 
(Catumus), where the epidermal structures are so loaded with silex: 
that they not only acquire a hard texture, rendering them harsh to 
the ,touch, but, when the organic matter is destroyed by burning, 
a complete skeh^ton of the tissue remains, entirely formed of 
silex. The siliceous coats of the Diatomeas afford another striking 
example. 

It is not yet clearly made out whether the silex is here deposited in a 
layer upon the cell-membrane, or interpenetrates its substance ; but the 
latter is probably the real state of the case. The pericarp of some plants, 
as Litlwspemium, contains lime, in what form it is not certain ; but the 
carbonate of lime incrusting the cells of many species of CiMra is clearly 
11 mechanical deposit upon the outside of the membrane. ' 

693. The mem branous wall of the vegetable cell is ordinarily a 
permanent structure ; forming the ** skeleton ” of niants. it usually 
remains entire until the decay or destniction of the organism in 
which it exists. But we have already mentioned that it becomes 
absorbed or dissolved, ultimately, at particular points, as at the con- 
tiguous end-surfaces of those cells which become fused together tc 
form vessels or ducts ; and in tho case of the layer closing the ontei 
ends of tho canals of the pits or wood-cells, a similar destniction 
of the primary membrane seems to occur. A phenomenon oi 
this kind is distinctly presented in the large spiral-fibrous cells oJ 
Sphtignum (fig. 494), where the walls of old cells are found perfo- 
rated by large round orifices, produced by the separation of circulai 
pieces of the cell-wall, and in the cells of the leaves of Leuisohryum 
glaucum (fig. 495). In the cells of tho Confervoids producing zoo- 
spores, the wall breaks open at definite places to allow these t< 
escape, exhibiting small lateral or terminal orifices in Conferw. 
(fig. 465; c, d) &c., or breaking quite across by a circular slit in (Edo 
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gonium. In this last genus the. cell- wall breaks across in the same 
waj'- in cell-division, to allow the new cells to expand ; and in one 
of PalmeliecB (Schizocldttmys) the wall of the parent cell splits off 
in segments every time a new generation of cells is formed. 


Fig. 494. 



Fig. 494. Cell of tho lenf of Sphatynuni cymbifolivnif with annular fibrils and orifluos in thn 
wall. Miign. 4(K) dia'ni. 

Fig, 405. Forou« colls of the leuf of Leumhryum gluutwn ; vortical s«>ction. Mngn. 
400 dium, 

In the formation of the ultimately free cells composing pollen-grains 
and the spores of the higher Cryptognmia, the cells are liheratc'd fj*om 
the parent cells by solution of tlie wall of t\w, latter. A still more 
canons phenomenon occurs in tho process of conjvgntim, where two cells 
coalesce hy complete union of their walls. The last cases appear ]%lated 
in some degree to the origin of the gelatinous coats of the Talmelleoi and 
other Confervoids, which are probably produced by the disintegration of 
the walls of parent cells, which become softened, and swell up os the new 
generations of cells are formed in their interior. 

The origin of cellulose is not clearlv determ'ned; it seems most probable, 
however, that it is derived fronfi the starch, sugar, iniilirie, or similar 
materials contained in the protoplasm of the cell, as mentioned in suc- 
ceeding paragraphs. 

ContmU of the Cell, 

The solid cellulose structures forming the persistent maee ef 
v^tafile tissues may he regarded as a skeleton or framework ; for 
the viM and chemical phenomena exhibited by plants all depend, 
in ^e first instance, upon operations which have their scat in tho 
inl^or of the cells, ihe careful investigation of the ccU-cohtents 
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is consequently of primary importance in the , study of Vegetable 
Physiology. 

The fundamental importance of the mattem within the cell is not only 
demonstrated by what wo are enabled to observe taking place in the 
iiiteiior of living cells, but, in certain of the lower plants^ the vitalized 
contents actually emerge from their confinement in the shell of cellulose 
(as the so-calhid zoonpo/^es), and exhibit in the course of their subsequent 
conversion into closed motionless cells exactly the same power to foim 
new cell-membrane as takes place in ordinaiy cell-division. 

595. The. contents of the. cell are partly more or less solid, partly 
fluid. When substances exist dissolved in the coIT-sap, they are fre- 
quently out of tlie reach of microscopic observation, on account of 
the minute quantities in which they exist, or from the want of 
suitable reagents to ascertain their presence ; among these are the 
vegetable alkaloids and similar products. The sugar, dextiinc, 
mineral salts, &c., dissolved in the watery cell-sap, do not readily 
admit of* examination in this way. The fluid colouring-matters, 
essential or flxed oils, resins, &c., on the contrary, are readily ob- 
served, on account of their distinct physical and chemical characters. 
This is still more the case witli mineral or organic salts which are 
sufticiently abundant to crystallize in the cell. 

505. But by far the most important of the contents of cells are 
certain organized staructur^ which are regularly met with in the 
cell-contents, either universally or, with certain definite exceptions, 
at particular epochs of the life of cells. 'These are the protoplasm, 
with the utricle, the nucleus, chlorophpll-corpuichs, and 

stqrclirjgrunvl£$.^ 

597. In all young grow- 
ing cells wo meet with a 
tough ^pnucilaginous fluid, 
colourless or with a yellow 
tinge, and frequently of 
more or less granular cha- 
racter, which increases 
with the age of the cell. 

This substance is called the 
protoplasm. 

The primordial utricle 
is the outer film of the 
nroto^sm^ from wiiich'ft 
Siers only in its greater 
density. It is coloured 
yellow by iodine, and is 

applied intimately to the 

inner surface of the cell- 


Fig. 406. 
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membrane of young cells^ persisting in the colls of tissues which are 
concerned in the reproduction of cells or the performance of the func- 
tions^ of assimilation &c., fliit disappearing at a comparatively early* 
periochin cells which acquire hbrous or pitted woody secondary layers. 

This structure is not always readily discoverable in living cells, on ac- 
count of its close apposition to the* cell- wall, but it may be detected by 
'the application of a weak solution of iodine, which colours it brown, and 
soon causes it to contract and separate from the cell-membrane. (fig. 40(5). 
The contraction is disadvantageous in some cases, if it go very far, as the 
layer becromes applied, upon the inner cell-conterrts. The structure is 
very well' seen ny placing portions of the green tissue of leaves &c. 

a irhich retain the piimordinl utricle after acquiring their full size), of 
e pulp of fruits, the leaves of Mosse.^or Liverworts (fig. 49(i), or the 
filaments Of Confer\’oids, in alcohol, or treating them with dilute nitric 
or muriatic acid. The primordial utricle then separates from the cell- 
wall without becoming much di^oloured. 

598. The primordial utricley lining the entiro wall of the cell, 
forms a kind of sac ; but it is not a membrane in the same sense as 
the proper cell-wtill, since, although it presents a certain cohesion 
and resistance to the penetration of water, it is not merely flexible, 
but and capable of moulding itself into new external* forms, 

the sac, in cell-division, becoming constricted into two or more por- 
tions without wrinkling. 'When the zoospores of the Algm escape 
from the parent cell,’ the primordial utricle forms the external 
boundary of the structure of the zoospore, which has a definite form 
in ea^ case. ' 

Were it not for this definite form of zoospores, we might compare the 
consistence of the primordial utricle to that semifluid condition of glass 
in which the glass-blowers mould it. This peculiar state of organized 
substance is exactly parallel to the substance of Atrueboy the soft part of 
Sponges, &c. in the Animal 'kingdom. ' ^ 

• 599> In young cells, such as those in the cambium-laycr of stems, 
,in the growing parts of leaves, &c., the protoplasm up 

the cavity,’ or at all events occupies all the space filied^by 
Mucleua. By degrees, as' the cell expeuds, vacuolar spaces' mate tEeir 
'appearance in the pjotopJasm, filled with watery cell-sap ; and the 
protoplasm is thus transformed into a kind. of froth, which is often 
finally displaced so entirely by the cell-sap that it forms merely a 
layer applied against the primordial utricle. 

In some cells, eemeciallyof the lower* plants, we may detect more 
than one of these jwietal layers of protoplasm. 

' . These changes are readily traced in very young hairs, where they are 
observed without miich disturbing the natural condition of the structure 
(fig. 497). Movements in the protoplasm, rendered evident by the move- 
ment of the granules fioating in it, occur in many plants, probably in all, 
and are attributed by ek)me to contractility of tbe protoplasm, by others to 
alternate turgescence wd emptying of certain portions of the protoplasm. 
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()00. In tho .protoplasm of mos.t young cells, and persistent 
through life in the parenchymatous Htructures of some plants, as of 
the Orchidacea?, occurs the globular or lenticular body called the m«- 
deus of tho cell, or cytohlast (figs. 497, n, &> 498). This apTHiars to be a 


Fig. 497. 



Fig. 407. Upper end of a young hair of the etamen of Ttadeteanfia, showing tho cells in 
variouB stages of development: n, n, nuslei. Magn. 400 diarn. 

Fig. 408. Cell with a nucleus, from the stem of Orekt» maneula. Magn. 400 diam. 

mass of subst ance identical in its character with tho substence of the 
protoplasm, gtfid it mos^y presents the appearance of a ce^al cavity 
or vacuopT containing one or more small granules called nudeolL 

The nucleus is not usually found in Fungi or Lichens ; and many Algso 
ore likewise unprovided with it. 

601. The nucleus probably originally occupies the centre of all 
nascent cells where it exists, the interspace between it and tho 
primordial utricle being filled up by protoplasi% When the vacuolar 
displacement of the latter by watery ccll-sap takes place, the nucleus, ■ 
if persistent, is usually carried to one side of the cell, and comes into 
contact with the inner boundary of the primordial utridc. . Some- 
times, however, it remains suspended in the centre of the cell by . 
cords of tough protoplasm, stretched from a l^yer of protoplasm coat- 
ing the nucleus to t^t wUch lies upon the primordial utride. Hie 
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cords of protoplasm radiating from the nucleus aso the persistent 
boundaries of the vacuolar spaces of the “ honeycombeij protoplasm. 

The gradual vacuolation of the protoplasm and the transfer of the nu- 
cleus to the side of the cell may be well seen in the liairs of the atamtms 
of Tradcscantia (fig. 497). In Spiroyym and Zij(jnvma the niKdeiis re- 
mains always suspended in the middle of the cell by the proto plpmic 
cords. The ultimately parietal miclous of the hairs of Tnuhscantia tra- 
hibits radiating cords,* the protophisiii hove being in process of absorption. 
In ValUmeria, and in (Ethponium and other Coiifervoids, the niadeus 
becomes imbedded in the continuous parietal layeriof protoplasm which 
lies upon the primordial utricle. The nucleus has tin* })ropertv of brfiak- 
ing up and, as it were, disappearing for a time, to reappear in the form of 
two or more new nuclei of laiprer size tlian the original iiucleHis. This 
process occurs in the formation of the poUeii in the cmhryo-sac of Phane- 
rogamous plants &c. 


^^602. In all parts of plants which have a grocn 
^olour wc find the cell containing in its cavity stnic- 
tures quite distinct from the coll- wall and ' from the 
primordial utricle, in which the groon colouiing- 
matter resides. The ordinary form of these is that 
of globular or spheroidal corpuscles, which appear in 
greater number and of darker gT^'en colour in pro- 
f)ortion to the intensity of solar light to which the 
tissue may be exposcMl. In a few case s the green 
colouring-matter is found in the form of annular or 
yiral baudr (/>iYypff? n«/^/!a, Sinraqyra,^\tA^\ or o^ 
reticulated cords {CladophQra)^oiL mucilaginous con- 
sistence, adhering to the inside of the primordial 
utricle. In some Conferva? the green colouring-matter 
appears diffused through aj)ortion of the protoplasm 
in the form of vciy minute granuleg. In many uni- 
cellular Algm, in the gonidia of Lichens, <fec. the green 
colonring-matter is uniformly distributed throughout 
the cell, and is not separable from tho rest of the 
protoplasm. 

The chlorophylUcorpiMcles are of soft consistence ; 
and their colour is extracted by ether, alcohol, and 



various acids. They consist of protoplasmic colour - p „ - 
less substance imxecl witti colourmg-inal:tci \ ^ 
lOTmer may^exist t)y itself unralxe^ ; tint tluTcwouring- SogifSSJdbm!*' 
matter is never found separate in nature. They ap- 
pear usually solid and homogeneous when young ; subsequently they 
often contain starch-gtannles in the interior ; and not unfrcqucntly 
they vacuolated like protoplasm when exposed to the direct 

actionJi^tcr. 


that the green colour of chlorophyll is due to an 
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admixture of tsFO substances, one yellow and the oilier blue, caUed 
respectively and ‘ftJivlfoeuamne r but others think 

that the blue subkanco is a modification of the yellow, brought about 
by the agency of acids. Our chemical knowledge of clilorophyll, how- 
ever, is at present incomplete. It is to be expected that spectrum- 
analysis will ultimately reveal much of what is now obscure. The 
principal aj)pearanccs observed hitherto are the constant presence of 
an absorption-band in the red portion of the spectrum. In concen- 
trated solutions another band may be seen in the green. Stokes 
notes a similar band in the yellow. Herapath indicates the frequent 
presence of three bands in the rod, orange, and green respectively, 
and of four bands in the red, orange, green, and blue portions respec- 
tively. These variations are probably due to different colouring-sub- 
stances mixed with chlorophyll. 


The chlorophyll-corpupcles are probably formed from the protoplasm 
of the cell breaking up into distinct globular coipuscles, or distributing 
itself a^coinling to patterns, as above indicated, upon the coil-wall. When 
newly formed, in young cells, they are almost colomless, and appear in 
the vicinity of the nucleus and in the layers or streaks of protoplasm ; and 
we* not nnfrequently meet with protoplasmic corpuscles which differ from 
chlorophyll-corpiisclea only in the absence of the green colour. The 
developiueiit of chlorophyll takes plac^e thus : — In the young cell the p4*o- 
toplasin is colourless and* dispost!d in a thick layer around the inner wall 
of th(‘ cell ; in this appears tirst a yellow colouring-matter ; and then the 
inner portion of the protoplasm splits up into polygonal portions, each of 
which becomes a gram ot chloropliyll. The outer portion of the proto- 
plasm forms the so-called primordial utricle. In other cases the proto- 
plasm accumulates round the nucleus. Vacuoles are formed in it, and 
nritak up the substance of the protoplasm into granules. In this latter 
case more unculoured protoplasm is left after the fonnation of the chloro- 
phyll than in the preceding cose. 

The destruction or decay of chlorophyll shows itself first in the change 
of colour from green to yellow or orange, or, in the case of the spores of 
Algin, red. This red colour is assumed at the time ivhen the spores come 
to rest } when active vegetation again.commences, the green colour is re- 
stored. In the case of leaves at the fall, the grains of chlorophyll diminish, 
then disappear and rive place to highly refracting granules of an orange 
colour, winch are tlie remnants of the disorganized chlorophyll, and to 
which the colour of leaves in autumn is due. While these processes are 
going on, the starch and the protoplasm are dissolved and stored away in 
the permanent tissues. In plants kept i^ the dark Oiis noticed that the 
chlorophyll-grains slowly and gradually become smaller, lose their starch 
and their colour, till at length nothing but a number of minute amorphous 
granules remain. Some plants, such as Selagmella^j^ome Ferns, &c., resist 
uie deprivation of light much more than others ; hut in the case of quickly 
g[rowing plants, two or three days obscurity suffice to disorganize the chlo- 
xophyll. 

The protoplasm (with the primordial utrisle), the nucleus, and the 
chlorophyll-granules are all substances containing nitrogif^ snd^i^jlQSd^ 
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allied to albumen ; they are more or less coagulable by beat, alcohol, and 
acids, and soluble in caustic potash. 

The principal tests are the following, though it must be remembered 
that their action is masked by the colouring-matters of the cell, and that 
they are not in all cases manifested in living, but only in dead cells : — 
Iodine gives a brown or yellowish tinge to these structures ; ammoniac^al 
solution of carmine tinges them pink. When treated with nitric acid, and 
subsequently with ammonia, a yellow tint is formed, indicating the pre- 
sence of xantho-protein ; when soaked in a solution of sulphate of copper 
and afterwords treated with potash, a violet colour is produced in the 
protoplasm and chlorophyll ; but this has not been observed in the case of 
the nucleus. It must be remembered that the solubility of protoplasm in 
acids and alkalies depends not only on the strength of the solvent, but 
also on the condition of the substance at the time of the experiment 

603. Another still more common organized structure found in the 
!cell-contents is the starcli-granule^ which appears to occur through- 
out every class of plants except ^o Funj^. 

Starch-granules are perbaps most /requently of globular fonja when 
young ; but when they acquire any considerable size their form usii- ^ 
ally diverges from this, and presents very remarkable varieties, often ’ 
attributable to the conditions in which they grow. Full-grown 
starch-grannies are not homogeneous, but marked with striae indi- 
cating the concentric laminm of which they arc composed. These 
laminae are alternately of denser and softer consistence, and surround 
a commonly more or less cxcentric point, usually of very small size 
(fig. 600), which often appears solid when the starch-granule is 
fresh, but forms a minute cavity, frequently running out into a few 
radiating cracks, when the starch-granules are dry. 

The granules occur either singly or collected in masses of definite 
shape, forming compound granirios (fig. 501) ; very often they exist 

Fig. 600. Fig. 601. 



F!g. 600. Btaroh-granule of Potata Magn. 400 diam. 

IVgb 601. Compound Starch-granulea : a, • doable gnmiile from the Potato; 6, grouped 
and two fragments, from the miaome of Arum maeulatum. Ifagn. 

in the interior of chlocophyll-eorpusdes or bands, or imbedded in 
the protoplasm lining the cell-wall. In certain tissues they fill the 
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cavity of the full-^own cell, and in some cases so densely that they 
become moulded into polygonal forms by mutual pressure. 

Starch-granules arc commonly unaffected by cold water ; but when 
.crushed, the inner layers will sometimes absorb it and swell up. 
Boiling water causes them to swell up into a jelly, losing all trace 
of their laminated structure — as do also diluted sulphuric acid and 
solution of potash. 

Iodine colours starch-granules violet, indigo-blue, or deep black- 
ish blue, in i)ropcytion to the degree of concentration in which it is 
employed. By means of dilute sulphuric acid, starch may be con- 
verted into dextrine and gluc<jsc. Modern researches have shown 
that stai*ch consists of two substances intimately combined, ope of 
which, ^ramdosc. is more soluble m saliva than the other, cgZjtJpge ; 
and the action oi iodine is also different in the two cases. ^ 

Great discMission has taken place at different times of late years both ns to 
the Htriictiire and the mode of development of starch-^anules. There is no 
quest ion that they arc formed of a number of concentric laminae, which in- 
crease in density from within outwards. Their substance is hardly distin- 
guishable from that condition of cellulose where the cell-membrane swells 
into a gelatinous substance with dilute sulphuric acid, or even sometimes 
with water, and takes a more or less decided blue colour mth iodine alone. 
With regard to their mode of development, they appear to be fonped 
by the deposition of successive layers of starch-substance, by protoplasm, 
in the interior of vacuolar cavities formed on the^^rotoplasmic matter of 
the cell, either while this exists as a colourless mucilaginous matter, or 
after it has become more highly organized into chlorophyll-corpusdes. 
Starch -granules, in tact, appear to bo formed by secretion on the inside of 
a utricle of protoplasm, exactly in the same way as the cellulose wall of 
the cell is secreted on the outside of the primordial utricle. 

Fig. 608. Fig. 603. 


-ft 


Fig. fi02. Part of a cell of the stem of the White LUj: n, nodens, Burronnded by protoplaim. 

in which etarch-granulce (<0 are being developed. Magn. 400 diaqi. 

Fig. 003. Starch of Afaiae : « , aection of a young cell of the seed, with naaoent atarch-gnuinlea 
imbeddid in nrotoplaam; 0, section of a fhll>grown cell with the starch-granulea 
in contact and bt^oome angular by mutual proiuure. Magn. 200 diam.' 

This mode of development is well illustrated in the formation of 
starch-granules in the cords of protoplasm which have ceased to circu- 
late, in many herbaceous Monocolyledonous stems, as tiiat of the White 
Lily (fig. 6(^), &c.,— by the appearance of singlb or several starch-granuler 
in old (Sdorophyll-coTpuacle^ or in the substance of the bands of 
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gyra (fig. 499), &c. Still more strikingly is it shown in IJio development 
of the starch-granules which ultimately densely fill the outer cells of the 
endospenn of Maize, where they ai'e at first free frorilfeach other, im- 
bedded in a collection of protoplasm filling the cell (fig. SOU, «), and, as 
they expand, come into contact and almost displace all the protoplasm, 
which remains only as a reticulation ef slender threads (fig. ^03, o). A 
similar reticiilutiou of protoplasm -threads remains on the walls of the 
cells of the Potato -tuber after its starch-granules are formed. 

The origin of tlie compound granules, in pairs, fours, or very many 
compacted together into a mass, moulded together by mutual pressure; on 
their contiguous surfaces, is readily explicable, since wrt often nnd seven J 
isolated nascent granules in one chlorophyll- or protopla»in-corpu8(*le : as 
the granules increase in size they come into contact, but remain bound 
together by the mass of protoplasm in which they lie. Such granules 
(found in the corras of Crocm and Arvm (fig. 501, />), in the Oat, find more 
or leas abundantly in many other Moiiosotyledonous plants) are mostly 
simply coherent, so that thov may be separated by slight pressure. But 
it is not uncommon to find twin granules enclosed oy external layers 
common to both (fig. 501, r/). 

604. Starch is a temporary structure of the cell-contents ; it is 
accumulated during active vegetation, and Ts a’f)UTrdantly deposited in 
the tissiiefi of many organs wliich remain at rest during certain 
seasons. In the rcconimojicoraeiit of growth' it is dissolved, in con- 
B 0 c(hence of the formation of diastase (which converts the insoluble 
starch into soluble dextrine), and the assimilated substance is ai)plicd 
to the formation of permantmt structure. 

Starch-grains are almost uni versally present in chlorophyll, from which, 
in Jeed| 'tfey are tormed ! ^his opinion differ Yrom tliat of Molil, but Ts 
supported by tne discovericis of Sachs and Gris, tht; former of whom 
shows conclusively that the starch is developed from the chlorophyll under 
the influence of light : if light be excluded, no starch is formed) what is 
already formed disappears, and formed when the chlorophyll is 

once more subjected to the infiuenellvj^ght. Without chlorophyll no 
starch is formed; it may, however, b^tort'd up in KjeUs containing no 
chlorophyll, but is brought there from the cells ih whichlt is formed. 

Starch-grains are disintegrated or dissolved when growth is about to take 
place, in two ways— either locally (when the grains present a wonu-eaten 
appearance), or uniformly over the whole surface. 

605. In certain plants starch-granules are absent in those situ- 
ations where they are generally abundant, being replaced by a sub- 
stance of analogous composition, called inuUne. This has been 
found especially in the roots and tul>ers of the CompositsD. It is 
not dear whether it occurs dissolved in the cell-sap or in granules 
mixed the protoplasm. As it has no special reactions giving 
distiilii^ftfour, like starch, it cannot be detected except by chemical 

. ^^iJlearone exists in the form of roundish colourless grannies 
pittfiu'on the surface or even presenting ftcets like those of crystds. 
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The granules arc for ilic most part about equal in size ; but here and 
there occurs oncmmrh larger than the rest and which is remarkable 
for the rapidity |fith which it dissolves in w^ater ; hence it escapes 
observation under’ the microscope when the tissues are examined, as 
they usually are, in water. Aleuronc is insoluble in oil, alcohol, and 
ether ; hence it is found in practice better to immerse the prepara- 
tion in a drop of oil, in oidcr to see the aleuronc. Alcurone is 
coloured brown by iodine ; and the inner portions of the grain assume 
a brick-red C(»lour after soaking fur some minutes in a solution of 
nitrate of mercury • hence it is considered to be albuminoid in cha- 
racter ; but the nature, mode of formation, and chemical history of 
this substance all stand in need of further investigation. 

(107. The fixed oils, which occur abundantly in many seeds and 
fruits, arc easily distinguished in the cell-contents on account of 
their forming isolated globules, merely suspende d in the watery cell- 
sap, which strongly refract light, and can be made to run together 
into large globules by i)ro.ssure and by the application of ether. 

The oiI-glt)hules ocjciir mostly in organs pr«‘pared for a season of rest, 
ns in Iht* endosperm (Cocoa-nut) or cotyledons (Almond) of seeds, or in 
the pericarp (Olive) of the higher plants— also sometimes in tubers, as in 
those of Cypei'm emtMm. Among the lower plants oil is especially 
abundant in the resting-sporcs of the Algae, taking the place of thestarch- 
granules existing during active >egetation. 

G08. Sugar, dextrine, gum, and similar substances dissolved in 
the watery cell -sap are not capable of detection by the microscope, 
since, the quantities in which they exist arc too small to alter suf- 
ficiently the refractive power of the liquids ; and we have no colour- 
test for them. 

The gummy maitern of plants (which swell up in cold w'ater and form 
a slimy mass) are in many ciises parts of the cellulose tissues themselves, 
as is the case in the seed-coat of Lin.a^, the Quince, &c. and the ^um 
of Trngacanth, which latter consists of the collenchymatous tissue into 
which the pith aiil medullary rays of the stem are gradually converted. 
Tliey result from the abundant deposition of secondary layera in that 
state of the cellulose ” compound which is intennediate between cell- 
membrane and dextrine, just as the amyloid of the secondary layers of 
the cells of some Lichens is an intermediate condition between cellulose 
and starch. Bmaoim and arahine are formed in a similar maimer, from 
the disorganization of the cellulose matters ; hence these materials arc to 
be looked on as excrementitious. 

609. The bright cofowrs of the paii» of flowers are produced by 
substances usually dissoLVd in the w^atery cell-sap ; sometimes, how- 
ever, solid corpuscles or utricular structures are found swimming in 
coloured cell-sap. 

In young tissues of flowers the coloimng-matter may be obser\'cd to Im 
formed gradually in the vacuoles of the protopk^, and, as the cells ex- 
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land, increasing in quantity until the separate portions coalesce and iill 
he whole cavity of the cell. This is well seen in the coloured hairs of 
lie stamens of Tradoscantia, . . ^ . 

The colouiing-mattei's of flowers admit of being growled in two senes, 
■he cyanic series and the xanthic series, with green as an intennediate 
loiour : tlius, starting with greenish blue, the cyanic series passes through 
flue, blue-violet, violet, violet-red to red ; the xanthic series, on the other 
land, passes from green to greenish yeDow, yellow, orange-yellow, orange, 
)ran^-redtored. The cyanic colours are usually in solution ; the xanthic 
colours are usually soEA. It very ran;lv happens that the colours of the bwo 
leries are met^tli in we same Sower ; hence, though .Dahlias and Roses of 
ilmost all hues are how to be seen, a true blue tint has never been seen 
n eitlier ; and there are numerous illustrations of this fact in gardens. The 
various tints of colour are produced either by the interposition of colour- 
less cells between those containing coloured ‘jiiioos or by the supoiyosition 
3 f cells with different colouring-matter one over the other. Thus an 
3range tint would arise from the superposition of yellow cells over r(*d, 
uid so forth. White is produced either by a very dilute coloured solution 
Dr by the presence of air in compamtivelv large "quantities in tlie tissues. 
The velvety appearance of the petals of many flowers is due to the fact 
bhat the epidermal cells are raised in the form of small conical elevations 
like the pile of velvet, and the play of light thereon gives rise to the 
appearance above mentioned. 


Fig; 604. 


610. Essential oils are readily distinguishable when they exist in 
quantity suspended in the cell-sap, or entirely filling the cell ; some- 
biraes, however, they exist in such small proportions as to be un- 
listinguishable, as is the c<ase in many scented petals. 

The essential oils are developed, like the fluid colouring-matters, in 
vacuoles of thq protoplasm, resolved in time 
into one large cell-cavity bounded by the 
lay p of theprotoplasm lining the priinoiriial 
utricle. The oily matters,caoutchouc, resins, 

&c. are usually found in compound cellular 
organs, glands^ ducia^ &c., to be mentioned 
presently, under the head of TiameB. 

g 611. The wateiy fluids traversing the 
tissues of growing plants, in consequence 
of the evaporation from the leaves and 
the continual absorption by the* roots, 
necessarily contain various inorganic 
salts dissolved in them. Moreover cer- 
tain organic acids, such as oxalic, malic, 
tartaric, Ibe., are always formed in the 
of vegetable digestion. AU 
stances and theur compoon^ 

^ m^ nari, dissolved m flie 

Tfind, ia oertaSn cdls of fbi pgr&(ihymt(mB tiwoies, ctysIS^ 
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of definite composition, either scattered or collected into groups of ' 
definite form. These crj-stals are called raphides (fig. 504). 

It is not clear Aether the raphides are to be regarded as a secretion 
or as an excretion — that is, as substances useless or noxious to the plant, 
laid by in tm insoluble form. The latter seems more probable. The 
Polygonacere (for example, the Garden Khubtirb) forni abuudanco of 
oxalic and other organic acids, and they always contain a quantity of 
bundles of raphides composed chiefly of oxalate of lime ; in old stems of 
’6»crMicpfe, the substance of the parenchyma is rendered quite gritty to the 
touch by crystals of oxalate and phosphate of linm ; the Musacece contain 
cr^'stals of sulphate bf lime, &c. 

C12. Crystals usually occur free in the cavity of the cell ; but in 
some plants, especially in the Urticacem, we find them accumulated 
on a cluvfite process, formed of cellulose, developed firom the side- 
wall of the cell ; these are called emtolitheSf 

These curious stnictures are well seen in the suhepideitaal cells of the 
h'af of Firm elastica and other species — also in Parietariaj Ihe Mulberry, kc. 

Other*injportaiit substances, such os the ye getahle alkaloids and the 
groat number of organic acids usually associated wiih them, exist either 
dissolved in tlie cell-snp, intermixed with the protoplasm, or diffused in 
the solid cell-structures as impregnating or incnisting substances. With 
regard to these, microscopic investigation has not hitherto afforded any 
information. 


Sect. 3. Coi^iBiKATioNs OF Cells. 

Tlte Tissues. 

613. The simplest mode of combination of cells is that which is 
met Avith in a large number of the Algae of low organization, where 
the cells are associated for a time in what are called coZomss. the 
members of which are more or less completely independent o^ each 
other in physiological respects, but morphologically represent parts 
of a determinate whole ; while ultimately they separate, each to lay 
the foundation of a new colony. 

Examples of this may be seen in the grouped DesmidietB^ like Pedtas- 
frttm (fig. 462, B, a), ihe Piatomea &c., and in the PahmUem ; to this bead 
is also referable the structure of some of the filamentous Confervoids, 
Volvocinero (fig. 462, n), and HydroditAym, 

These groups of cells are either held together by simple attachment at 
certain points of their surfaces, as in the Deimidiewj Hudn'odictyimy 
Diatoma (fig. 4C2, B, c), &c., or % their being enclosed in 4 gelatinous 
common envelope (resulting from the expansion or the decay of parent- 
cell membranes), as in the Vtdvoeinea, PalmeUea, and Kostochinea. 

614. Tissues properly so called consist of ^llections of cells of 
unifonn character permanently combined together by more or iy 
Smplete union of Jneir outer ararfao^ 
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615. Tho tissues are distiup^ished into kinds according to the 
|form of the cells, the character of the ccll-menrbrane, and the 
manner in which the cells are connected together. 

' AVhere the cells arc roundish or elliptical, tho tissue is called 
parenchyma ; and this is called imperfect or perfect accordingly as the 
constituent colls have interspaces between them or are closely packed 
so as to leave no intercellular spaces. Where the cells are much 
elongated, tho tissue^is calhii proisenchymaf and the constituent cells 
are known as fibres. Cartilaginous tissue is known as collenchymn ; 
and two other kinds arc characterized by peculiar miodes of combina- 
tion of the cells, viz. felted tissue (tefa confe.vta) and vascular tissue. 

The milk-vessels (cintneht/ma) appear to be formed out of intercellular 
passages, and not by fusion of ctdls, like the spiroid vessels : hence they 
do not constitute a true cellular tissue ; otherwise they would come under 
the head of vascular tissues. 

61 Gi Imperf^ parenchyma (merenehyma) is composed of cells 
with more or less rounded surfaces connected into a lax tissue, 
necessarily presenting abundant intercellular passages and s])aces. 
The cells are tolerably uniform globular or oval («), or lobed, and 
connected at few points, leaving wide intercellular passages between 
them (^>); in other cases the cells arc more or less stellate, and 
leave large spaces between thorn (c). 

The form a is common in nil young organs of the higher plants, espe- 
cially in the rind and the pith (fig. 470), in the pulp of fruits, &c. ; b 
is very characteristic of tho lower stratum of the internal substance of 
leaves (fig. 472); c occurs in the steins and leaf-stalks of aquatic plants, 
in the pith of Rushes (fig. 474), &c. 

617ifc Perfect parenchyma is composed of cells bounded and united 
..together by plane surfaces; where the colls are regular polyhodra, 
of about equal size, the tissue is (a) regular parenchyma ; if the size 
is unequal aud the forms unlike, the tissue becomes {h) irregular 
parenchyma. Certain modifications of regular parenchyma have 
received distinct names, viz. : — (c) prismatic parenchyma^ where the 
cells are 6-sidod prisms with pyramidal ends ; {d) muriform paren- 
chyma, where the cells are square or oblong, with the long diameter 
horizontal, and packed like bricks in a wall ; and (e) tabular paren^- 
ehymay where the cells arc flattened from above downwards. 

The form a is abundant throughout all cla.S8us of plants, and is w'dl 
seen in ful)y developed pith of IHcotyledons (fig. 476) ; b is even more 
common in the soft parts of plants (ii^. 477) ; c is met with in the her- 
baoeous stems of MAnocotyleaons, and in the upper part of the diachyma 
of leaves,^ ako in a woody condition in the t^sta of various seeds ; d is 
chariij|iteri8tic of- corticRl structures, and may be seen in cork, periderm 
of SBicht the rind of the rhizome of Tamte &c., also in the medullary 
rays of Bicotyledo^i ; e dccurs specially in the eiudermal cells. 
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Morenchyma and parenchyma in their various modifications run into 
one another by coautless intermediate conditions. 

618. Froaenchyma tis composed of cells elongated greatly in one 
direction, and attenuated to a more or less acute point at each cud, 
forming what is called a fhre. These fibres are necessarily united 
for the most part by their lateral sui’faees, and their (mds are insi- 
nuated into the spaces between those lying above and below them. 

Wc distinguish in prosenebyma two modifications — (a) woody Jihre, 
composed of spiudle-shaiDcd cells of moderate length, and {h) liber, 
composed of very iong slender pells which are occasionally slightly 
brajicbed. 

Woody fibre is the main constituent of the trunks of Dicotyledons ; its 
cells are mostly of n^cliingiilttr section, and tlu^ walls become . greatly 
thickened with age. IJber, the fibrous substance of the baik of Dico- 
tyltMlojis, a principal constiluont in the tibro-vnscular bundles of Monoco- 
tyledons ( tig. 471 ), and of the fibrous busks of fruits, &c., is composed of 
very long cells, whose niembraiies a.ie of a peculiar toughness, even when 
greatly lldckcned ; their section is commonly roundish (tig. 479) or hexa- 
gonal. The peculiar l<*micit:y of the vegetable libres, Flax, Hemp, &c., 
orists from the forms and mode of union of the liber-cells of whicn they 
consist; the grain” of wood is likewise determined by the direction of 
the long axis of the pro.senchymatous cells of which it is composed. 

(hufiuviitig cells are long cylindrical cells, placed one over the othpjr, 
and not tfi]Ha’ing at the ends, and are supposed to be channels for the 
passage of the nutrient iluid. 

619. 0(dlerichywa-k cellular tissue which has ocquifed a carti- 
laginous or horny lexturc b^ its cells becoming greatly thickened by 
secondary layers of a siibstauco softening or swelling up in water, or 
on the addition of weak sulphuric acid. 

Th(j lamination of tin* c('ll-wnlla is often invisible until after macera- 
tion ; so that the tissue looks like a mass of homogeneous substance, exca- 
vated into cavities, or like a collection of cells with abundant intercellular 


Fig. 606. Fig. 606. 



Fig. 505. Tranavene Reotion of collenchyiua-cellB ci Uie ftem of Beet: a, ihideened oell-waU. 
• Magn. diam. 

Fig. 506. Section of the junction of four oeUa (a) of fig. 5^5, treated with hydrochloric acid : a, 
lamina bounding the r-avity of the oc^b; Bwolltgi Becondaiy layers; e, primaij 
membrane. ICagn. 400 diam. 
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BalMtRnce. A solution of chromic acid also serves to show the laminated 
structure ; but if used too strong, it dissolves the intergellular substance. 
This tissue occurs in the rind of many herbaceous plants, as Chenopodi- 

bita, 2fymph0n (fig. 485), and Fig. 507. 

in the pith and medullaiy ra^ 
of the species of AdragMUS 
(forming tragacanth *’) ; and 
to the same Lead may bo re- 
ferred the substance of fleshy 
endosperms (fig. 507), and also 
the cartilaginous thallus of the 
larger Algm. 

620. Tela contexta is com- 
"posed of elongated cylindri- 
‘ cal cells united end to end 
into filaments, and either 
simple or branched laterally, 
interwoven irregularly into 
a kind of felted mass. 


Section of the cellR of the need of Sopkom japnwen : 
Of thickened cell-wnllB; 6. cavity of the cells 
(bounded by a double line). Jdagn. 40() diuni. 

some Alg«. The mycelium of ’ 

the Fungi is likewise compared of felted cellular filaments forming a free 
cottony masp (fig. 468, b & n). 

^ 621. Vasmlar tissue is formed by the fusion of perpendicular rows 
of cells ; by the absorption of their contiguous u'alls they become con- 
verted into continuous tubes of more or less considerable length. 

When the constituent colls have spiral-fibrous secondary deposits, 
they are usually of prosenchymatous form, and they overlap each 
other so that the lines of union are oblique ; sometimes these spiroid 
tubes are distinguished as vessels from those formed of the usually 
shorter, mostly wider, and more )r less flat-ended cells which have 
pitted walls, and which are called dotted oi yiited duets . 

Another kind of vessels characterized by thin wafts, often with 
the latticed marking (§ 585), are .distinguished as vasa fronria . 

The dotted ducts are connected with the spiroids through the scalari- 
form vessels, but in their extreme forms are vt^ry unlike, and are found in 
very difiTereut situations. 

622. The vess^ like the cells (§ 586), may bo spiral^ annular^ 
retiouUited^. or smariform. The constituent cells may be long or 
short ; hi the latter case the vessels are sometimes called moniliform. 
The spiwil-fibrouB structure often remains when the primaiy mem- 
brane is absorb^ at <the sur&oe of junction, so that the consti- 


This tissue occurs in the 



stance, also in the thallus of 
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tuont colls of a vessel are merdy separated by a kind of “ grating” 
of bars. 

Fig. 508. 


A 



Fig. 508. A, B, C Spiral vesaelB from !Samhucu8 Ebulw. Magn. 400 diam. 


Pig. 600. 



Fig. 610. 



Kg. 611. 





Fig. 500. Fragment of a TPiBcl from the stem of a CkiYir^ Magn. 400 diam. 

Fig. 610. Fragment of a spiral vessel of InipaHen* parvUhnt. Magn. 400 diam. 

Fig. 511. Fragment of the wall of a retioulated voMel of ^ubarb. Magn. 400 diam. 
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Spiral (fi^. 508) are found in the youngest and most delicate 
parts of the plants in which they occur. They are the parts of the woody 
' structure ftrst developed in stems j they are extensively developed in tli© 
ribs of leaf-stalks and leaves, aud almost exclusively constitute those of 
the organs of flowers, as may be seen in petals. In stems a^d leaf-stalks, 
especially of fast-growing organs, the constituent cells or^ often very 
long and the course of the vessels straight ; in roots, and in ebneentrat^'d 
rhizomes and corm^, &c., the constituent cells are mostly short and the 
course of vessels tortuous. Tho spiral tibre in the intl**ipr of thiuK^pBssels 
hits been considered to be hollow or tubular; but this Is ndrg^crally 
regiirdcd as correct. • 

Annulitr ve'isck (fig. 509) are found in situations similar to the hist, 
being generally formed a little hitor in the same bundles. They are coni- 
inonly of greater diameter than time spirals. This is the commonest form 
of vessel in th<^ Eqiiiselaceje. 

Jldiftnlated vessels (fig. 511) are abundantly developed with th(s spiral 
and anmdar hinds in succulent stems, roots, p(»tioles, iS:c. Thi*y are vc'ry 
important constituents in the flbro-vaseular bundles of Monocotyledons 
genercilly. They are mostly of rather large diameter ; thoir rolls long in 
stein-structiircs, short and irregularly ftn*nied in roids and in the inner 
cortical region of Monocotvh?donou< steins, where a number of vessels are 
often anastomosed into a hind of network. 

S^ndariform vessels (fig. 491) ai'e especially characteristic of the woody 
structures of the Ferns and Lycopodiaceae, in which they sometimes occiyr 
of very large dianietiT. 

Most vessels are C3dindrical, and present a more or less cinriilar section ; 
but the scalaiiform are prismatic, usually with an hexagonal section. 

Vessels, when once formed, ar e usuaUv persistent ; but in sonic water- 

S lahts tne stem' wlien young is iraversetl by awnglc spiral vessel, which 
isappears as the stem grows older, so that in the adult coiidition the 
stem seems wholly cellular with a central lacuna. 

623. The pitted or dotted ducts (fig. 486) are characteristic of tho 
twood of Dicotyledons, where they occur cither Kcattercd in the pros- 
enchyma, or forming the principal constituent of the wood. 

The walls of pitted iducts arc not always uniform, this depending 
in some cases upon the nature of tlie organs with wdiich they are in 
contact, whether cells or other ducts, since the pits always corre- 
spond on the walls of adjacent organs, and they arc ordinarily loss 
numerous and less regular on tho walls of prosenchymatous cqUs 
than on those* of ducts, 

The pits and their borders (§ 584) are very gl^nbrally somiE(jrhat 
elongated obliquely ; and tho canal of the pit is often enlarged into a 
transverse slit in the inner part, which in some cases becomes con- 
fluent with that of its neighbours. In some plants wc find ducts with 
the wall marked both with pits and a spiral fibre, like tho walls of 
the wood^oells of Tasn/a (fig. 492); 

Pitt^ ducts with uniform walls make up the chief mass of the wood 
of In the wood of Elder, Beech, Hazel, Alder^ &c. we find ducts 

with pits numerous on the walls adjoining other ducts, but distant or 
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Absent on the walls adjoining wood-cells.- In Bomhax the wood-cells are 
for the most part, replaced by parenchyma-cells, and the walls of ducts 
adjoining these have the pits destitute of the border &c. 

lotted ducts furdt theloige tubes, visible to the naked eve, scon in cross 
sections of most woods, especially Oak, Mahogany, i&c. I'liey are absent 
from the wood of the Coniform, which is wholly composed of simple 
wood-cells (fig. 487). , 

()24. Vasa 2 ^‘^opria are elongated cells with thin walls, and cither 
oblique or flat ends where they adhere together ; they vary in dia- 
meter, like the spiroids, and present on their walls largo pits or 
spa’ccjs, covered with a kind of fine network of fibres, as in the 
clatlirate cells described in a former section (§ 5S5). 

Cells of this character (which differ from the conducting-coils before 
alluded to, in that the latter are destitute of markijigs or pits) always occur 
ill the middle of the iibro- vascular bundles of Monocotyledons ; and they are 
iiilm’njixed, mostly in alternate layers, with the liber in the fibrous layer 
of tilt; biii'k of Dlcotylodoiis. They are strikingly distinguished from spi- 
roids by coiitainiug thick and opalcc sap, while the latter usually contain 
only air when fully developed. 

Ca8[)ary iiicliuh^s under the head of conducting-cells not onlv those 
lyliiulrical tubes before alluded to, hut also eloug^^d cells having tte form 
imd n])pearance of vessels, except that they do nm form continuous tubes, 
jmt are separated one from the other by paitiliuns foimcd by the adjacent 
olds of tlio cells. The laLkiferom ducts are mentioned elsewhere. 

Tlie Systmiis, 

025. TheA%s«dtn» are combinations of tissues, of like or different form 
and character, into elcincntarv structures formed on definite plansT 
and destined loi^particular nurposcs in tlic economy of? the plant. 

ti2U. in the simpler plants tiiere genortSly oxwts no distinction of 
systems ; but oven in the higher Algm and Lichens there is a differ- 
ence in the cortical and medullary portions of the thallus. In plants 
possessing stems and leaves, the fibro-vascular or wood-system mokes 
its appearance ; and wo may distuiguish in the Phanerogamia throe 
primary systems, viz. the OdMar, the Fihro-vascuhr^ and Cortical 
Sijstenis. These are all formed of proper constituent cells or tissues. 

627. Besides these, we have systmns which are formed for the most 
part by the interspaces between the cells of the above tissues, viz, 
the Aerial St/siem, consisting of interceUular passages, spaces, or 
even large cavities ; and the Secretory Systm,^ including the milk- 
vessels, reservoirs for secretion, glands, 


A. The OeThdar Syste/m, 

628. This name is applied to the cellular tissues forming the g^eat 
mass of the living structure of plants.. . In ih!b Thallophytes it forms 
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the whole organization, the superficial layer, of the larger kinds of 
thalluB not being a true corded layer like that of the higher plants. 
In the Mosses and Hopatico) little is added to the cellular .system, 
the fihro-vfiSGuJar system a]»pearing in a very simple form in the 
stems, and the ctrttiml in the shape of an epidermis to the seta. In 
the higher Ciy^ptogamia ai}d the Phancrogamia the cellular system is 
less predominant, except in the temporary organs. In the stems 
and roots it forms the pith and medullary rays of Dicotyledons, and 
the diffused medullary system of Monocotyledons, together with the 
cambial structures in 'all growing regions ; and it forms t he mass of 
the leaves and the parts of the flower. It is in this system that tin? 
vidil processes of vegetation are chiefly earned on. 


B. TJie Fibro-vascular Systam, 

629, This system forms all the w^oody structures of plants, which 
in all cases are composed of a quantity of conjoiiujd portions of cellular 
and vascular tissue arranged an a peculiar manner. The “kind of 
cellular tissue associated with the vessels being mostly proaenchynia 

4>r fibrous tissue, the dbnstituent elements of wood an^ called fibro- 
vascular bundles, ^ ^ 

, AU woody substance appears originally in the condition of isobiio" 
fibro-vascular bundles, which, when they remain separate, form u'liat 
are commonly called “ fibres/’ and w^hen they combine together into 
a solid mass, form “ wood.” The bundles remain as “ fibres ” in \ lie 
stems of Monocotyledon^ they are in tlio same stiitc in the oarlii'Ht 
conditions of the stems otjlicot^lcdons ; and such fibres ” form the* 
ribs of leaves and other organs. 

630. The fibro-vascular bundles differ in their modes of growth in 
different Classes of Plants, which, in consequence of this, exliibit 
considerable difference in the structure of their mature stems. 

^ The simplest form is absolutely without the vessels, as we find it in 
ijhc Mosses and some of the simple aquatic Phancrogamia (Potmm- 
geton) composed simply of cords of prosenchyma traversing the cel- 
Mar tissue. , . ' 

^ 631. Complete bunded, however, possess several elements ar- 
^ranged in definite order; these belong to the wood-region, the 
cambium-region, and the liber-region. The ^Q(/-region. which 
lies next the centre of the stem, is composed of short-celled pros- 
enchyma intermingled with spiral and other vessels (and in 
Dicotyledons pitted ducts); the ywfeitwi-rcri on is composed of 
prosenchyma in a nascent oondiiion, the cells tjiin-walled, and 
retaining their primordial utricles ; the Zfft^-region is composed 
of^very long prosenohymatous tissue (usu^y in tlm condition of 
isolated bundles or thhi laminee connected by cellular tissue in the 
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Dicotyledons). In the Monocotyledons the middle of the cambium- 
region is converted into vam 
propna (fig, 512). 

()32. In the Higher Crvn- 
t ogamia tne bundles do not 
alter in their condition when 
once formed, and they a^- 
stoinose with those that suc- 
eced tlTcm in successive inter- 
nodes of the stem, so that 
the fibro-vascular structure 
appears contiunouft. In Ih o 
Moiiocotvlodons the ImncBcs 
arc f()riTie(i bjTciogrees, a cam- 
bium-region occupying the 
(iciitral ])art at first ; but after 
a time this is wliolly resolved 
into wood, liber, and vasa 
propria. Thcs<‘ bundles re- 
main isolated in tlio stem, 
never alter in condition after 
\he first season of growth, 
and turn outwards to termi- 
nate at the surface of the stem 
above and below, anastomo- 
sing with their successors. 

In the Dicotyledons the 
huhdlcs in a young shoot somc- 
what resemble those of Mono- 
cotyledons, but they stand in a 
regular ring round the pith. On the inside they present spiral and 
annular vessels ; nest, a mass of prosenchymawith dotted ducts, which 
passes gradually into the cambium-layer ; the latter is bounded exter- 
nally by liber, among the bundles of which are vrwa propria^^ These 
bundles are indefinite in their growth. The lower extremities elon- 
gate indefinitely in the root ; the upper extremities anastomose and 
become continuous with their successors ; and, above all, the cam- 
bium-region is an indefinite focus of development, foiming a new 
layer of woody substance inside, and a new layer of liber outside 
during every season of growth. 

The peculiarities of the fibro-vascular bundles will be better under- 
stood wnen we treat of the structure of Stems. 

The different mode of growth of fibro-vascular bundles has given rise to 
a particular nomenclature for them. The bundles of Oryptogamia^ de- 
veloped in fdl parts at once, are called simvkmeous hmdlesi those of 



Monnpoty Ifdonoun fibro-vascular bnudlp (from the 
si^dix of Ph(fnix duefi/l^era). A. Transverse 
m*c6on. B. Vertiool section: p, parcnehynia ih 
which the bundles lie ; ic, wood-cells ; ^ o, spiral 
veiwt'ls; dt n'tioulated ducts; rp, vaea propria ; 
I, liber-cells. Magn. lUO diira. 
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Phanero^omia, exhibiting? when younp: a cambium-region, are pr^mive 
^idlea, which, ceasing: to dcvolope at the end of the first «ea8onin Mono- 
coiyleaons, are definite^ hut when growing: season after season, as in Di- 
cotyledons, are 

C. The Cortical System, 

633. In young stems and in herlmccous organs generally this 
system is termed the ephkrmal system ; as stems grow older, tliis 
gives place to tlie har/c or rlnth 

The simplest form in which the (‘pidermal system cw exist is lliat 
kof a simple layer of Hat cells firmly united by their sides, fonuing a. 
^hntinnous coat over the surface of a jdant. Tlie constituent cells 
of the epidermis are entirely devoid of chlorophyll or granular matter. 
Such an epidennis clothes all the organs of jdants above the (•lass of 
Mosses ; and it presents this simple general character on all young 
stnictures, with one special distinction only, that on suhm(‘rg('(l 
organs and on roots it is absolutely continuou^and impervious ; while 
on paits exposed to the air it presents more or leas numerous orifices 
guarded by a peculiar cellular structure called a stoma (fig. e513, a). 

. 634. The stomata are orifices between the meeting angles of tlie 
epidermal cells (fig. 51 4, B), in which orifices lie, rather to Ihc^ under- 
side, a pair of cells of semihijiar form (fig. 514, A, C), aoj)nrate on their 
adjacent sides, so that in expansion and contraction they close and 
open a slit-like passage beneath the superficial orifice. This slit 
(fig. 514, A, s) leads to an open intercellular space w itliin the sub- 
stance of the leaf. 


In Neriam the stomata are on the walls of pits or depressions on tlio 
under face of the leaf. Sometimes the stoma is formed of four cells, and 
then either in two pairs, as in Fmfs clastica, or the four cells form the 
quadrants of a circle, as in various I^oteacea), 

Stomata arc? most abundant usually on the lower surface of leaves, often 
wanting on th(i upper surface — except on the fioaling b.>aves of aquatic 
plants, where they exist on the upper surface, and are absent where the 
leaf touches the water. They are occasiopallv foufid in the interior of 
organs, as on the r6«i/«»t*^lbru(aieys. They vajwln Ireouincy. m 
taring proporlion to the size oi tiie cells of uie epidermis, partly iiTela- 
ture to this. Sometimes 100 will be found in n s^are lin€f sometimes ns 
many as 1000 to 3000. On the le^ of Bramiva tUtpa a square line hears 
1800 on the upper face, 36(X) on the lower; Viefona reyia 1800 on a 
square line above, and none below. A few other examples may he cile^l. 


Cherry-Laurol .... 

Laurustinus 

Daphne Mezermn . . 
Cama.tion ........ 

Garden Flag 

Gard^ Jihuharb . « 




. None. 625 to a square line. 
. do. 625 „ „ 

. do. 80 „ „ 

. 260 260 „ „ 

. 80 80 „ „ 

.7 30 „ „ 

. Kone. 1000 „ „ 
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^ ^ R'om the researches of Duchartre, Morren, and others, the following 
'conclusions may be drawn, subject, however, to many uxcopiions. Sto- 
mata .'ire morc‘ abundant in woody than in herbaceous plants, in leathery 
ratb(*r than in leaves of thinner texture. Succulent leaver contair| ihe 
smallest numbers of stomata. Where leaves are alilie in texture and 
colour on both surfiict^s, the number of stomata is about equal on both 
sidcjs ; when one side is glossy and the oilier dull, th(> stomata are most 
abundant on the latter &c. 

Rg. 514. . 






Fif^. oVA. Bjiidrnuifi of tho lovrer surfaop of the leaf of HelleUmmfitHdvtt : a, stoma. Magn. 
200 diam. 

Fig. 514. St-omuta of the le'Hf of Nareinswt Fw-vdo-lfarcutwa. A. Vertical seotion of the epi 
dermul and nubjacent oelln, ]>aMing through a gtonia. a : c, cutieular pellide ex 
tending down into the gtomatal cavity. B&C. Horizontel Bectioii<af.tbe epi 
demiiii, pasHing through the plane of * in A: B, Been from above; 0, seen from 
below ; d, ranaUer epidermal ccdls coireKioiiding in position to the Stomata, but 
rcmaim'ng in their original condition. Idngii. 2U0 diiuii. 

(j.‘15. The cells of the epidermis exhibit a great variety of forms in 
tbc leaves and petals of Phan6tog|^amia. It is very common for the 
side-walls, by which they adjoin," to bo sinuous or zigzagged, often 
presenting very elegant patterns, especially on petals. The external 
wall of the cells is usually more or less convex ; and in petals this 
condition is carried furiher, through numerous gradations, until we 
find a papillose condition, arising from each epidermal cell being 
produced above into a little obtuse cone. ^ 

636. Hairs and scales of all kmds, scurf,” such as wo see m 
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the Bromoliaoeag &c,» depend on the development of the epidemal 

S ^iinplelialrs arc nierely single epidcrmiil celler produced into 
ular filament ; ccU-multiplication usually occsurs in such hairs, 
so that they present a number of joints (fig. 515, h ) ; , and not unfre- 

Fig. 



€L 


Eig. 515. Epulormnl appondagon: a, gland of Fmsnnella^iiTt vrr1,i«il anotion ; 5, aimftli* .iointi>d 
hair oi Pelaryomim \ <*, Tuiir of SummhrhiM Sophia; d, hair of garden Chr’kSfiii- 
themnin: r, liair of a Grecillea; fs hair of tho oulbil of Achhueufn^ with a glan- 
dular K'nuinul cell. All mugii. 50 dium. 

qucntly they are more or loss branched (fig. 515, c, d), (llondular 
hairs differ merely in certain of their cells s(‘creting oils or n^sins in 
their cavities (fig. 515,/). Scales arc produced by epidermal ceUs 
growing out into flat ceUular x>latcs instead of projecting filaments. 
Thony, such as those of the lio.se, the spines of leaves, like those of 
SuTBolly, <kc. are epidermal products in which the cells become 
thickened by woody secondary deposits. 

637. The most remarkable diversities of condition of texture of 
herbaceous Organs flcyonjl on the consi^cnco which tlio epi^cyrmal 
layCT^cgiiiros" fee leathery texture of evergreens, the woody cha- 
raicter of tho leaves of Conifers, &c. depend chiefly on deposits formed 
on the wall of the ejiidermal ceUs.* 

In all epidermis eyiosed to the air, the outer walls of the cells 
beconie early stren^^ W secondary deposits ; these are very 
fflS aiid slight 'in soS herbaceous leaves, especially when such 

Fig. 616. Fig. 517. 



Sfg. fiia Vertical section nf epidemial coUa of the leaf of Hbya ewnom ; a, the pqi;tipa,af tfap 
eeoondar^ lajer coloured 3*eUow by iodine. Magn. 440 dioin. 

Jjig, S17. Geotion as in ng. 516.' treated with oaustie potash f a, detached catlealinr pellicle ; b, 
the layers of tnickening of the outer walls of the cells. Magn. 440 diam. 
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plants are roared in a warm, moist atmosphere. In leathery or 
hard leaves, alfto in the thick tough leaves of succulent plants, such 
as the Aloes, Hoya (figs. 51 6 & 517), &c., the secondary layers acquire 
gr(‘at thickness; and in the epidermis of the hratuilies of Vheum 
(fig. 518) the colls hocomo absolutely filled up, and the cells of the 
subjacent layer of tissue also siiffijr the same change. 

Jn the convso of this ibbik.- o*’ e:, (bo senorfioifi] Inminir, 
('xposod to tin. air, b(H;omo Lioro or loss dicinicaliy changed, and at 
the same iinjjp fused, as it 
were, into a continuous 


layer all over the surface 
of the organ ; and by ma- 
ceration or applying nitric 
acid we may separate this 
outer stratum as a con- 
tinuous sheet or pellicle. 
This laj’er, which strongly 
resists cb'conqDosilion, i^ 
called tlui cuticle (figs. 
517 & 511},~^cr). Some 
authors explain its origin 
by supposing it to bo a 
substance excreted from 
the outer wjiUs of the epi- 
dermjil cells, and hardened 
into a pellicle (like a var- 
nish) there. But by tracing 
the development, it is seen 
to be merely the altered 
outer walls of the cells. 

In Cyc/tSf the inner la- 
mina) of the secondary de- 
posits exhibit pits (§ 582) 
like those found on the 
walls of wood-cells; but 
this is a very rare phe- 
nomenon. 



Vertical seetioix of cx>ideniial cells of old Ktem of 
Visvnm albuhh. Mogn. 4lX) diaiu. 


Fig. 619. 



V«Ttic il H.H tlon of ciHilcmml cells of Ht^lfdtorus 
/wtidus: a, outiolu. Mogn. 440 dioin. 


The aerial roots of Orohidacero exliibit a curious stnictiiro, 
the growing extremities being clothed by a whitish cellular tissue 
composed of several hiycrs of cells with a delicate spiral fibrous 
deposit on their walls. This layer forms a kind of coat over the real 
epidermis of the root, and is known by the name of the velamen 

^ — ^The yomg shoots of Dicotyledonous trees and shrubs 

are clothoS^th epidermis like herbaceous plants ; but before the 



512 


THYSIOLOGT. 


close of the first season of growth, in most cases, the green colour 
gives place to brown, which is owing to the fomiaticJn of a layer of 
cork from the outer layers of cortical parenchyma. C?ork is com- 
posed of tabular thin -walled cells, containing only air ; riie^urfaco 
of the corky layer is usually rough and irregular, and it x^eels off in 
lamina) periodiciiUy in certain plants, being renewed by development 
from the green cellular layer which it covers. 

In some plants the corky Inver is little developed, in others vei’V much, 
os in the Cork-Oak. Jii tie Vme and (Jlematis the corky layer is scarcely 
distinguishable aftt;r the first year’s grem-th, as the l)ark*breats away, d<iwn 
to the liber, in string^" shri‘ds. In Viscum no cork occurs ; even in shoots 
eight or nine years old the«epidermis i*emains, hut completely consolidated 
hy secondary deposits, as iioticje.d above (§ 037). 

D. The Ah'M Si/stem. 

641. In indst parenchymatous tissues of the higher plants we find 
the cells so dis])osed as to leave passages *of greater or less c!q>acity 
between them, which ])as8age8 arc usually found iiUed with air, np- 
l)arently secreted from the contents of the cells. In imperfect i)aren- 
chyma (fig. 470) these interceflaJar paMatjes occupy a very con- 
siderable portion of the spacx) filled by the tissue, and they inter- 
communicate in all directions. The spongiform cellular substance 
of leaves is traversed by larger passage^s of this kind (fig. 472), ex- 
X>andod in many places into air-spneea^ forming a continuous system 
of cavities, trhich are in direct communication with tlu^ external air 
by the stomata. When stellate cellular tissue exists (fig. 474), the 
aii'-spaces are very extensively developed. 

Ko intercellular passatres or spaces exist in young tissu^ ; they are 
subseqmmtiy formea by the cells separating from each other os" they 
expand, and excreting air into the interspaces. 

642. Air "Canals, are long tubular channels, in petioles (Nyra- 
pbrnaccs)) or stems (Hippuris, Potainoyeton, &c.), bounded by a 
cellular wall, and generally arranged in a definite manner in the 
organs in which they occur. They an^ sometimes continuous through 
long tracts of the stems or petioles (j^ymphmaccac), or they are sub- 
divided into chambers hy cellular diaphragms occurring at intervals 
(petioles of Musa, stem of Hippuris, MyriophyUum, &c.). 

643. Lacur^ arc formed by this cellular tissue being torn down 
and destroy^ed hy expansion of the surrounding tissue : examples of 
this ocQur in the fistulor stems of Umhelliforse^ which when young 
havaSj^i^if pith ; but this is tom away by the expansion of the 
oyimoafV fibro-vascular bundles, and leaves a tubular cavity. The 
holiofir stbms of Qrassep, of Equisetacces, &c. originate in the same 
wigr.'- 
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E. The Secretor^f St/stmi. 

% 

044. The stmctures in which arc fonncl the suhstances usually 
called the secretions of plants, consist of (jhimls^ reservoirs^ and amah 
for peculiar secretions (I’csins, oils, &c.), and tho so-called milk- 
vessels. They for the most iKirt occur only in particular ])lajits or 
particular or^^ans, and present many special niodificatiuns in dif- 
lerent Natural Orders. 

045, (rlttnfh arc the structures of this kind most frtMpicntly nu't 
with, and they arg jcfc-ncrally connected in some manner with the 
epidenual tissue, (ilands may he divided into simple an&compouml , 
and also into external and intrrnal. 


Simple external glands are in most cases glandular hdirs ; /. e. thc^ 
terminal cell of a joiiited hair is expfmded and filled with oil ca- 
other secretion. Of this nature arc tho glands of the foliage, flowers, 
&c. of many Lahiatai, Scroi)hulariacc£C (fig. 515, /), S:c. 

Simple internal irlands ai'o mostlj' isolated cells of the layer imino- 
di at oly 'sul^ .* \ ccni t to the epidermis, as in tho leaves of Jier/onin, 
Lifsimncliia vnlffaris, tin* petals of it c. Such glands occur 

also in the loaves of Lauraceac. The cystolithes of Urticacca) are 
related to Iheso (§ 01:?). 

Compound external (jhnds arc sometimes hair-like growths from 
the" cpiJcnuis, witli the Summit (JJrosera) or the base { Dicta ninus, 
fig. 515, o)d('vclo]K'd into a cidlular nodule, tho colls of whicrh either 
contain tho secretion *or siirrouiid a large central cell filled with it. 
Other su]KTfi(aal ghir.dsform papilla? of various shapes, in Ifte mauncr 
either wholly foriu<?d of seijreting cells, or with a central reservoir, 
as in the Hop, Ik'gouiaccjo, llosaceoe, Lcgumiriosa?, &c. 


Fig. 520. 



Co7)ipountl internal fflan(h arc commonly 
reservoirs snrronTiffcS by a sp(‘cial layer of 
colls, lying just beneath or sopietinics rising 
in a dome-shape a. little ahoi-o tho surface of 
the epidermis. Examples of this occur in tho 
leaves of linfa (fig. 520), tlic rind of tho fruit 
of Oranges, Ijt?mons, &c., leaves and stems of 
Hypcricacem, Myrtacea?, &c. 

None of those glands have exertstory ducts like 
tho glands of animals. Jn niaiiy casos tho secre- 
tions exude through the ineniljrane, and give a 
peculiar character to tho surface of tlie organs in 
which they are found. A very general form of secretion of this kind is 
the exudation of saccharine fluid from the superficial cells, veiy common 
at the base of petals and ovaries, on the stigma, and sometimes on leaves, 
or at particular points of the lower surface of the leaves, as ai Ti^unus 
Tjaitrocerasiis, the Laurustiims, and other shrubs. .. 

646. Stings are a form of glands, consisting of a long, stiff and 


y (*rncal <>1 

and subjatt(‘nt gliiTui of 
Jfw/tt graveoletut. Magn. 
So diam. 



514 


PHYSIOLOGY. 


pointed hair expanded into a bulb at the baso^ containing the poison. 
This bulb is surrounded by a layer of cells derived frott^thc epidejnnis^^ 
which by their tension exert a certain pressure, whence it results 
that when the point of the ^stinging- hair is broken off, the fluid is 
pressed out from the orifice. 

647. lieservoirs for nevidiar may be regarded as a 

highly developed A)rra the internal glands. Those of the Coni- 
feraj consist of cylindrical bundles of thin -walled cells, filled with 
resin, Ij^iiig in the midst of the wood, parallel with the fibro-vas- 




cular structures. Similar reservoirs exist • 
in the roots of lihubarb, in the leaves of f 

()48. The mucds for secretl om differ from , |(r i Ml. i 

the foregoing in l>ciTig^ntcrcellu\ar channels 
bounded by a definite layer of cells conjoined 
so as to form a closed tube. Such canals 

occur, containing resin, in tlic bark of the ^ 

Conifera), in the petioles of Cycadaccaj, in 
the Umbellifera;, CompositsD, Anacardiacem, 

649. 'rho mill'-ve^sefs or l-atic!fej*(ms canals^ If MjT" 

containing tine or milky juice of I’apa- -Wi R . |f/ A 

veraceffi, Euphorbiacem, Cichoraceac, itc.jtq)- S • 

pear to be intercellular passages which h(>- 
come bounded by a false membrane from • ![•»»' p W' \ 

alteration of the walls of the cells between ' [| ’ fi - )L 

which they lie ; and this view of their stme- ; , »j V .P JSf ‘ r 
turc has till recently been the one most ^ 

generally adopted; but the more recent LstMoi fcTniiM .muhIk from i li,‘ root 
researches of German and French ana- w-ini. 


tomists lead to the conclusion that they arc formed, like other 
vessels, from the confiuence of cells into tubes. Trckjul even states 
that the laticifcrous tubes anastomose with the tnie vessels and pass 
their contents into the cavity of the latter. They occur most abun- 
dantly in the pith and inner layer of the bark of stems, and in tbe 
cellular substance of roots, and are found in the form of more or 
less regular, simple or ramified channels in stems, petioles, &c., but 
much more irregular and tortuous in roots, and frequently anasto- 
mosed into a complete network. Examples of the fonner may be 
found in 'stems of PapaverajCem, JF^cus elastica, &e. ; of the latter in 
the roots of the Dandelion (fig. 621), Chicory, Dippol, who 
made a special study of these organs, holds that the laticiforous ves- 
sels Tejjhice the clathrate cells ” of other plants. 

The milk-vessels contain an opalescent granular fluid, in which 
are suspended globules of caoutchouc or other resins, and frequently 
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also starch-granules. The mHky . character is only acquired on ex - 
posure to tho am and it disappears again as the juice hardens into a 
resin. 

Latcx-canals are roinarkable among the secretmg-apparatus of plants, 
from their juices containing many of the most active and important 
of the special organic compounds, llesides the pure gum-resins, such as 
Caoutchouc, Gutta-percha, Gamboge, &c., they cany substances contain- 
ing vegetable alkaloids, such as Opium, Lactucarium, &c. 


Sect. 4. Internal Anatomy op Organs. 

650. All young plants ixro composed of cellular tissue alone ; and 
the Thallophytes never acquire any of the more highly developed 
“ Hysloms '' wliieh we meet 'wdth in full-grown flowering plants and 
the higher Cryptogarnia. lii the stems of the latter, the “ systems ” 
present sjiecial modes of arrangement, respectively characteristic of 
tho great Classes. 

The mfU’e or less uniform condition of tho tissues in tho Thallophytes is 
connected with gi’cat simplicity in the physiological processes of vegeta- 
tion and gi’owih ; while in the higher plants the diflerenco of internal 
organization is a(?companied by important diflerences in the modes of 
developmeiil. of tli(> axis. It would cause us to exceed our limits very 
widely to enter into niiuuto details of tho internal structure of the orgaiils 
of veg(*tatioii of plants generally ; but it is requisite not only to give a 
general sketch ot the plan of organization, but to describe some of tlie 
more important modifications met with in the higher (flosses. 


fStnicture of Stems 

651. As a general nile, plants possessing stems and leaves ex- 
hibit ill their stems a definitely arranged fibre- vascular system^, the 
bundles of wdiich send oft* branches, or pass ofl* themselves entirely, 
to form tho ribs and veins of the leaves. The same axial system 
furnishes below, directly or indirectly, the bundles which constitute 
tho woody central mass of roots. 

Exceptions to the above occur in the highest Classes, in plants wdth 
vegetative organs of low” tj’pe and in aquatic plants ; in tiie latter espe- 
cially, the fibro-vaseular bundles seldom extend into the blade of the leaf. 

652. The simplest form of the fibro-vaseular system is seen in the 
Mosses (p. 421), where a cord of prosenchymatous tissue runs up the 
centre of tho t^ead-like stem, and in some cases sends off branches 
to the leaves. 

653. In the Lycopodiacese (p. 412) the axis of tho stem is occupied 
hy a fibro-vaseular bundle containing spiral and scalariform vessels, 
which is regularly developed onwards with the growth of the point 
of the stem, sending off lateral branches of spir&L vessels where leaves 
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arise, but undergoing no cliange after the intemodo in ijliich it lieff 
Is once formed. 

. 654. In the Equisctaceu) (p. 414) a ring of isolated fibro- vascular 
bundles exists in the periphery of the atTial stein, surrounded by 
liber-ccUs and parenchyma ; these, again, arc simultaneous bundles 
(§ (532), and grow only at their points as the stem elongates. The 
constituent vi'sscls are spiral or annular. 

655. In tlie hVms (]). 416), where the stem acquires gr(^atcr di- 

mensions, wo hud a nuniluT of fibro-vascuhir bundles standing in an 
irregular circle, surrounding a central cellular axis, and externally 
surrounded by a kind of rind. The bundles do not run straight up 
the stem, but in waved curves ; and they anastomose laterally and 
separate again, leaving wide passages of communication between 
the central parenchyma and the rind (fig. 522). The branoh(js of 
the bundles going to supply the leaves are given off at the aiiMslo-" 
moses of the main bundles; and the bundles running into the (ad- 
ventitious) roots arise at similar places. These bmulies arc “ simul- 
taneous;’' and therefore the stems never J to in dimcu Mc^s^w^ 
^cc fomed . t ^ 

In cases like that of Angioi»teris evecta^ where the stem is reduced 
to very small proportions, there are, according to Jirctteiiius, three 
zones of fibro-vascular bundles, one within the other, and connected 
by intervening nct-like bundles. It was formerly supposed that 
vessels of the scalariform type were the only ones that occum'd in 
Ferns ; but it is now well known that spiral and annular vessels 
also occur especially in tlic younger portions. 

656. All the above forms of the stem arc characterized by being 

developed oiJy at the point, aiK^ S)ntmning oViiy^uclfi as 

afe^nKnuted in growth at their apex, but have their elements de- 
veloped simultaneously, aud completed,” as it were, iu each inter- 
node, step by step, with the elongation of the stem. 

From this circum stance , these higher Cryptogamia are oftmi callM 

} • (Bee pages 19^ and 193.f* 

Wf. lie stenis of SonoSoiyiedohous plants (§ 30) have a ver}* 
different organization from the above. The most striking peculiarity, 
at first sight, is the isolation of the fibro-vascular bundles, which, as 
a rule, do not anastomose in any part of their course tlirough the 
stem, and are scattered singly in the parenchyma of the stem 
[fig. 523). Another important circumstance is, that they pass entirely 
into the leaves at their upper ends (fig. 524, a), while at their lower 
Bxtremities they approach the surface of the stem aud anastomose 
with their fellows to form a more or less developed fibrous netwotk, 
leparating the rind or cortical parenchyma from the central fibrous 
Mit stem. I t js from this network that the fibro-vasculu* 
Uffli (adventitioiM) roeto ' 
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658. The stems of Monocotyledons are very generally herbaceous, 
and thus presenf very important varieties of form, arising from non- 
development of intcrnodcs, according to regular plans. These modi- 
fications disguise the structure ; but it may be readily understood by 
pieaus of diagrammatic illustrations of some of the principal forms 


Fi^r. 624. 



Fig. ri’£S, Diagram of the arrangement of the ilbro-vasoolar bundles in the stem of a 
Tree-fern. 

Fig. Diagram representing Un; onrangement of the fibro-vasoolar bundles in a 
' Palm-stem. 

Pig. 524. Anothet diagram, represeniin{^thct upper (a) and lower (^) extremities of a 
Monocotyledonoua trunk, with its fibrous layer whore the stem-bundles 
terminato and those of the root oommenve. emdosed by a oortioiil layer. 

659. 'Hie fibro-vasculor bundles of Monocotyledons (fig. 521 
being of the definite (§ 632) kind, they acquire their fhU develop 
ment in each intemodo before the leaves to which they belong fall 
and hence the stems of this class do not increase in diameter as 
general rule, but have a columnar character when they form wood 
trunks. But there are exceptions to this rule. 

660. It has Just been stated that the fibro-vasoular bundles termi 
nate below, near the periphery of the stem, and there formi a moi 
or less evident network of fibres ; this network constitutes a kind c 
sheath round the general mass of the stem, and is itself covered b 
a more or less developed rind or cortical pavenchyma (fig. 524, !>' 
The tissue in the region of the flbro-vasoular network, cfr fihroia layei 
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remains in most cases in the condition of cambium, as we see adven- 
titious roots readily formed in this situation. In Dracxmia, Yucca, 
and some other woody Monocotyledons, the stem becomes increased 
in thickness with the a^e of 

the tree, by the formation of Fig. 625. 


layers of liber-likc proseii- 
€;hyma in this fibrous latter 
pushing the rind outward. 
The original central fibro- 
vasciilar system of the stem 
remains unaltered. 

(J(n. The region, at the 
junction of the central and 
cortical parenchymas, where 
the libro-vaacular bundles 
terminate, should perhaps be 
called a camhiutn - reg ion, 
since the cellular tissue situ- 
ated hero retains its develop- 
mental i)ower in many cjises. 
The essential diiference be- 
tween this and the cambium- 
ring of Dicotyledons depends 
on the fact of its not coin- 
ciding, in a parallel arrange- 
ment, with the cambium-re- 
gion of the fibro-vascular 



bundles, but with the extre- 


mities of the bundles, which 
always remain isolated from 
each other. The successive 
layers of fibrous structure in 
Dracaena &c. arc formed in 


Monoc>oty1p(1onouBflbro- vascular bundle (from the 
spadix of Pkwnix duct f/I if era). A. Trniisversc 
seotioii. B. Vertical section ; p, parcuchjnii^ in 
which the bundles lie ; ir, wood-cells ; n v, spirtil 
Tcssels; </, reticulated ducts; vp, mua propria ; 
I, Uber-cclls. Mogu. 100 diam. 


like manner of isolated^ bundles, imbedded in parenchyma ; they are 
unconnected with the old bundles of tlie primary axis, but are con- 
tinuous above with the lower ends of bundles belonging to the hra'tiches 
occurring in these stems. 

662. The stems of herbaceous Monocotyledons have the fibro- 
vascUlar system always in the form of " stringy ” fibres imbedded in 
Succulent parenchyma; and in those perennial stems of the Class 
|which acquire a solid woody structure the ligneous character do- 
Ipends, not on the fibro-voscular system, but on the general paren- 
iebyma of the stem having its cells lignified, of which we have 
examples in the Cocoa-nut and other Pahns, in the Bamboo, &c. 

665. The mnd of the MonoootyledonouB stem, totally difiEerent 
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from true hark, is generally little developed. On herbaceous stems 
it is a more epidsrmis ; but on ileshy rhizomes it sometimes acquires 
considerable thickness, and is then found to be composed of spongi- 
form parenchyma, with largo air-cavities, the#wholo bounded ex- 
ternally by a few layers of tubular parenchyma with a corky outer 
surface. 

A certain number of forms occur aberrant from the type above described. 
In Aloe the fibro- vascular bundles are so arranged as to form a kind of 
cylinder, separating a central from a cortical parenchynua. Tn the Siiii- 
laceac, Diosc^oi’eaceae, and some other Orders the rhizomes imitate still 
more the Dicotyledonous arrangement ; for not only do the bundles stand 
in circles, they ilo not pass wholly oil* into the leaves, but run continuously 
through the structurci. Still there is no periodical resumption of activity' 
in the bundles, as in the Dicotyledons. In Tt'adencantia, aud in the Grasses 
also, anastomoses of the isolated fibres take place at the nodes of the stem. 

()(i4. The stems of Dicotyledons, and of Coni- Fig. 620. 
form w-hich agrecj in the main points, are at 
first of very simjile structure, almost resembling 
those of the Ferns ; but their fibro-vascular 
bundles being of the indejiyiite kind, capable of 
lat eral growth by addition of new elements season 
afl(?r season in their outer regions, the full-grown 
stems depart widely from tho preceding types. 

¥ot puiqiosos of comparison, attoniion must be 
roufiund to shoots or stems of Dicotyledons in their 
first year of growth, as the formation of annual lay'ers 
is a phenomenon to which there is nothing corre- 
spondent in the other 01usse%(exceptiug Conifers). 

(505. Wlien a young herbaceous stem of a 
Dicotyledon is cut across, we find the fibro- 
vascular bundles standing in a circle around a 
central parenchymatous mass, the pith, and 
enveloped by n cellular rind (fig. 520). The 
bundles nin in tolerably straight vertical coiirscs, 
and anastomose freely ; , a certain number of Diagram of the arrange- 
bundles belong to each leaf; bnt tliey do not 
pass off into tho leaves, merely sending a branch of a Diootjriedon. 

from the inner vascular part of tho bundle, while the outer woody 
mass is prolonged upwards, and is uninterruptedly continuous with 
a new bundle belonging to the leaf directly above it (which, as 
follows from the laws of PhyUotaxy (§ 60 et seqq.), is generally at a 
distance of several internodes). 

G66. As tho stem increases in age, each fibro-vascular bundle forms 
a wedge-shaped mass of wood (fig. 527) by development of the inner 
part of the camhium-rc^on, and at the same time a layer of liber 

2a2 
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at the extreme outer side, Jicxt the bark. At t^ cjose of tlie first 
Beason, therefore, wo have a central jnth (fig. 527,*/>), immediately 
Sounded by the vascular portion of the bundles (called tlie medtdlary 
sheath) {ni s), from which pass the branches to supjdy the leaves 
with ribs ; next come the wedges of ivood («;), formed of prosen- 
chyma (pr) and ducts (f/, fi?)in most Dicotyledons, of prosenchyma 
alone in Conifers, which passes into the camhial or reproductive 
layer (e) ; and this is continuous outside with the W>«Jr-bundles (/), 
corresponding to the wedges of wood ; tlie liberrfibres, like the 
inner vascular elements, send branches to form part of t-he ribs of 
the leaves. 

Fig. r,27. 




I ^ 


Dicotyledonons Hbro-vasrular bundle (Plane-tree) of on«' year’s i^owtli. A. TrunaveraH 
section. B‘. Vertiuiil aeetion; a/, suborous layer of the bark; ep, eortioul parenchyma; 
2, liber; c, ounibium-reeion ; d, ducts lying in the prosenohyina, or wood-cells, pr ; wir, 
mudullaiy sheath of si^inil vessels ; p, pith. Tht; structures connected by b belong to the 
bark, tliusu marked v to the wood. In A, the bundle is seen to be boundtMl on each side 
a medullaiy ray, running from the pith to the cortical pureuchyma. Magn. 60 diam. 

667. The hbro-vascular bundles, standing side by side, do not 
become absolutely united, but are separated by thin plates of com- 
pressed cellular tissue, running out from the pith to the cortical 
parenchyma ; these plates are called medullary ray s (fig. 528). 

668. The liber-portions of the bundles are associated with rows 
of dathrate cells (§ 685), and frequently with latex-canals, and they 
are surrounded by a layer of parenchyma, composed of cells filled 
with sfiq) and containing ohloroph;^, the cell ar mveh pe (fig. 527, 
e p) ; and this is protected externally by &e dry sU herous la per 
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which succeeds to the epidermis when the herbaceous shoot 
acquires a woody character. 

Many special modifications of the above type are met wit'^ in Dico- 
tyledons. In the Piperacem there is a kind of double concentric circle 
of libro- vascular bundles, the inner circle supplying the leaves, hut not 
possessed of a cambium-region; while the outer circle^ is of the ordi- 
nary tmlimiM character. In the Sapindacem, Malpighiaccia?, and some 
other Oiniers, part of the fibro-vascular bundles remain separate from the 
principal circle, and lay the foundation of a mini her of secondary cylindei-s 
of wood, enclosed by a common bark ; this phenomenon may be well 
observed in Cahfmnthufi^ where a square form of the stem results from four 
tibro-varscular bundles nmiaiuing free from the central cylinder of wood 
in this way. 

Ill tlui ]Vympha^a(;e.*e we find a very abemint condition; the fibro-vas- 
cular bundres, formed of vessels and parenchymatous cells alone, without 
wood, are quite isolated, destitute of cambium, and form a complicated 
interlacement closely resemhling that occurring in Monocotyledons— there 
being no distinction of pith and medullavy rays, and no l^ark. 

A still more frcqiumt souice of diviirsity lies in the varied nature and 
mode of aiTungemeiit of the elements of the tcotnh In the Plane (fig. 527) 
we see the spiral and annular vessels succeeded by a body of prosenchynia, 
in which are scattehnl large pitted ducts. In the Hazel and Alder wese 
ducts are. far more nitnierous, a# they are also in the Lime. In the Oak 
the prosenchymatous cells are %ery small, and become greatly thickened, 
but the ducts are large. The Dox has very small and dense proseuchyma- 
cells and few and small ducts. In the spongy wood of the Ilombaceic the 
prosencliynia is almost wholly replaced Tby thin-walled parenchyma. 

In the Ooniferm there is a t^'tal absence of ducts, the wood being formed 
exclnsivtdy of prosenchynia with the peculiar bordered jpiU (fig. 487), or, 
as in Ta.rus, with both pits and a spiral fibre (fig. 402). 

(>()9. With the commencement of a second season of grow^tli. a 
Dicotyledon ouB stem be^ns to acquire its especial pccuEari nos. 
When the buds open to produce new shoots, cell-division rcicom- 
inences in the cambium-region of the old bundles, and an additional 
layer of wood is added gradually during the season to that formed the 
year before. Season after season this process is repeated, and thus 
the cross sections of the stems present a scries of concentric laminae 
of w^ood corresponding to the number of seasons during which the 
stem has existed (figs. 528 & 529). 

The concentric lamellm of wood in Dicotyledons are really annual 
ringa in most trees of temperate climates. In the tropical trees it 
frequently happens that more than one ring is formed annually. In 
our own trees an interruption to the vegetation, such as is caused 
by an accidental defoliation during the summer, produces additional 
annular markings. In the common Beet-root several rings are 
produced in one season. 

In some tropical tri'es (Malpighiaceso) the concentric circles ore not 
very clearly marked ; in others ^ey are even separated hy a distinct layer 



PHYSIOLOGY. 


of paroncliyma. In the Bignoniacess it is common to find tlio weed 
^vided into four large portions, separated by wedge-shaped cortical struc- 
tures, giving in the horizontal section the form of a cross. The old stems 
of such plants as the Sapindacese &c., above referred to, with isolated 
bundles outside the central woody cylinder, acquire very anomalous 

Fig, 628. IV 62f). 



Kg. o2S. Diagrams of cross sections of a one-year (A), two-vear (B), and three-year old ((,’) 
Dicotyledonous stem, or of the branches 1, 2, and 3 of fig. 529. The letters to A 
indicate:— &, snberous layer; e. cellular envelope running in to the black medul- 
lary rays; 2, liber; c, oambium-region ; n, wood; p, medullary rays; tn, medul- 
lary sheath of spir^ vessels ; pith. The figures to C, 1, 2, 3, mark the wood and 
liber btdonging to the Ist, 2nd, and 3rd year. 

' Fig. 520. Diagram of a vertical section of a Dicotyledonous stem 3 years old, with 3 branches 
marked 1, 2, 3, indicating ihe age in years of th** branon and the intornode below 
it. The flgnrea below denote the ages of the layers of Uber and wood ; 0 , pith ; 
c, cambium; 01 , medulla^ sheath; w e, layers of wood; 2, layers of Uber; b, 
cellular and corky layer 01 bark. 

forms with age, since each collection of fibro-vascnlnr bundles is developed 
annually in its cambium-region, and hence the stem assumes the appear- 
ance of several stems enclosed in a common bark. In Oycads more than 
one year is required to complete a woody zone ; thus, in veiy old stems 
of Oycads, only a few rings are seen surrounding a voluminous pith. 

670 . ^ woody trunks increase in size, the older parts of the 
wood fimnently go on increasing in density by the formation of 
second^ layers in the cells of the prosenehyma ; thus the old cen- 
tral wobd becomes more solid, forming what is called the duramen 
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or heart-wood, which is sometimes deeply coloured by chemical 
cliangcs or secretions of various substances, as we see in Ebony, 
Lignum VitSB, &c. The young external layers of wood, in which 
the ascending current of fluid passes freely, is called the alburnum 
or Hap-wood , 

(SnTTTIie fibro-vascular systems of the branches of Dicotyledons 
originate independently in the bud, but soon become blended with 
those of the parent axis, with which their layers of increase become 
uninterruptedly continuous. When a branch is broken off short, 
leaving no buds upon it to continue its growth, it becomes sur- 
rounded and ultimately entirely enveloped by the succeeding annual 
layers of wood, and in this way forms a ** knot.” The numerous small 
knots of the wood of PinuR stflvestris arise from certain of its branches 
being broken off while small. 

072. The pith or medidla consists of parenchymatous tissue, filled 
with nutrient matters, stored up for the use of the growing tissues. 
It is of most service in young twigs, and becomes inert in ^ter-lifc, 
and often disappears as the wood gr^w-s. It exists either as a con- 
tinuous cylinder, or is broken up into disks separated by cavities one 
from the other as in the Walnut. In some cases some of the colls 
of the ])ith retain their vitality longer than others, so that there is 
an admixture of living and dead colls ; and in this way the differences 
in the pith may even serve to distinguish certain genera one from 
the other. 

f»73. The r^dullury ram ( fig. 528, A) which separate the primaryl 
bundles uro (fcvelopeciin the cambium-region with the yearly layorsl 
of wood, and always extend to the cortical parenchyma; in the! 
layers of successive years the new elements of the wood separate into! 
parcels divided by mmidary medidlarij rays (fig. 528, B, C), which . 
arc repeated in each successive season. The course of the fibro- 
vascular bundles being slightly sinuous, from their lateral anasto- 
moses, the medullary rays have, singly, no great vertical dimensions ; 
and their transverse diameter varies in different cases. Their cells 
become lignified in heart- wood. 

674. The Uher is usually formed in successive thin laminae composed 
of slender laterally anastomosing bundles of liber-cells ; and in some 
plants these laminae are separated by layers of parenchyma, so that 
the liber-structure of old stems may be split into its annual layers. 
In some stems the liber ceases to grow after the first season. 

'riie hast of which Russia matting is made consists of the s^arate 
libor-layers of the Lime-tree. The “ lace ” of the Lace-bark tree {iMgetta 
Untearia) is the liber, and that of other trees of the Order Thymelacess is 
used for tying up bundles of cigars &c. 

676. The MuUr mvelw (fig. 527, cp.) is generally in an active 
conditionW Vegetation^ Suring the growing-season, since its tissue 
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must increase laterally (tangentially to the stem) to allow of the in- 
creasing diameter, while it produces the new suberous structure on 
the outside. 

676. The mherom layer differs much in, its condition in difft^rent 
trees. When it is composed of a few layers of tabular cells slowly 
increased within as the surface splits and decays, it forma a mere 
periderm : in some trees this is formed of alternate layers of large- 
celled and small-eollcd tissue, and splits and curls up inl;o rolls, 
which gradually fall away (Birch). In other cases it is thrown off 
periodically in large plates by expansion of the subjacent green cel- 
lular, layer which reproduces it {Vlatanm), In the Elm, Oak, &c. 
the corky layer is developed regularly internally, and does not scp.'i- 
rafe; it hence acquires considerable thickness, and is irregularly 
split up by the expansion of the stem, thus fonning a fugged rind. 

In the Cork-Oak the suberous layer is greatly developed, receiving 
considerable increment every year, composed of thin-walled muri- 
form parenchyma. 

' In the Vino the old liber is thr^^^-n off annually with the* scarcely distin- 
guishable periderm ; and the same takes place in Ohmatis, 

Siriu^ture of Booh. 

677. The anatomy of roots presents important modifications ; but 
these are less striking than those met with in stems. It is neces- 
sary to restrict our account of these organs to the pi'incipal ficts 
only. In all cases they have a fibro-vaseulnr axis enveloped in a 
more or less thick cortical parenchyma, covered when young by a 
delicate epidermis devoid of stomata (sometimes called ejnhhma), 
when old by an epidermal tissue of corky nature. 

678. The roots of the Vascular Cryptogamia ( Ferns, Lycnpodiacom, 

Jfcc.) are all adventitious, and, excepting in the comparatively few 
arborescent forms, are soft, succulent filaments dying off after a cer- 
tain time, to be replaced by new ones formed higher up on the stem. 
Their structure consists merely of a central fibro-vascular axis, sur- 
rounded by a cellular cortex and an epidermis provided with nume- 
rous root-hairs of a yellowish colour. * 

679. Dicotyledons produce an axial (§ 85) root, which is a direct 
prolongation of the stem downwards; and both this and the adven-- 
titious roote frequently developed on the stem have the peculiar un- 
limited fibrrj-vascnlar structure found in the stems of this Class, and 
may become woody and increase by annual layers like the ase^ending 
axis. 

» 680. The radicle of a Monocotyledonous embryo is never deve- 
loped; hut if we make a section of the lower part of the embrj^o, we 
find one or more little conical bodies imbedded in the parenchyma ; 
these are the nascent advonlitipus roots, which soon apphar exter- 
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nally by breaking tbeir way mecbanically through the superficial 
tissue. The anatomy may, however, be more easily studied by 
tracing the development of the adventitious roots on the rhizomes of 
Hushes, Flags, and other plants of this Class. The rai ts originate 
(fig. 530, A, a r) in the region where the fibro-vascular l^UTSleB o flBSe 
stem terminate (and frequently form a fibrous nlexusT^ G57)). They 
are at lirst wholly cellular, and wo may distinguish in them three 
parts, — a woody axis, which soon becomes continuous with the fibro- 
vascular plexus; a cortical parenchyma, continuous with the inner 
part of that of the parent stem ; and a kind of conical hood of rather 
dense cellular tissue, enveloping the end of the root. As the root 
grows, it pushes the hood forward, which bi*eaks down the cellular 
tissue before it, and finally appears externally. When the epidermis 
is ruptured in this way, it presents a circular free edge standing up 


slightly like a collar around the 
base of the free part of the root : 
this is -called the eoleorhisa (fig. 
530, Ik c) by some authors. The 
conical hood upon the apex of the 
root, called the pile^rhiza (fig. 
530, p), is more of less per- 

sistent in diflereiit cases ; in aejua- 
tic plants it becomes greatly de- 
vclop(.‘d, as may be seen in the 
DuckAvecd(//<?jmio), where it forms 
a long sheath, api)earing as if 
slipped over the end of the rootlet. 
The focus of development of the 
root is within the 
which is pushed forward by the 
continual development of cells just 
behind the apex. 

The pil^rhiza may bo compared 
to a kind of shield or guard to the 
tip bf the root, protecting the nas- 
cent tissue, by the expansion of 
which it is pushed forward, itself 
always possessing a certain solidity 
which enables it to penetrate be- 
tween the particles of the soil, 
v 681. In a cross section of the 
root of a Monocotyledon we sec the 
centre occupied by prosenchyma- 
tous tissue, with a circle of vessels 
around it ; the. whole enclosed by 
regular parenchyma, sometimes by 


Fig. 530. 



Development of adventitious roots in fipnrqa- 
ttium. A, B. Frafcmcnts uf a rhizome with 
cortical parenchyma (cp), fibrous layer (J") 
where the fibro-vosoular bundles terminate, 
and central M^^'on (m p) in which the bun- 
dles run. A, a r, shows an adventitious root 
arising from the cambinm tissim at the out- 
side of the fibrous layer; in B the more ad- 
vanoed roSt (a r) has emerged, leaving a 
ragged collar or coleorhisa (c). and hanng 
a root-hood or pilcorhisa on its {stremiiy. 

2 A 5 , 
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liber-cells and covered by an epidermis. The ring of vessels proa ds 
o\it into a kind of rosette at the base, and anastomoses with h e ex- 
tremities of the hbro-vascular bundles of the stem in the hbrons 
region (fig. 530, /). Secondary adventitious roots are formed in the 
same wav in the rootsronSinatinfir immediate 


rcakina: throuOT the cortical oarencTivma. 


0 woody adventitious roots of arborescent Monocotyledons differ 
only in the greater development of the fibro-vascular structures ; and 
they emerge from the stem (Palms) in the form of thick couioal 
shoots. 

682. When adventitious roots, like those just described, die away, 
they decay down to their very origin, and leave a scar in the form of 
an orifice surrounded by the ragged colcorhiza. 

In the thickened adventitious roots of A^parafftis^ which perform the 
function of tnherSj the ]iarenchynia is grontl}' developt'd. In the tuber- 
ous roots of Orchids (figs. 20 21) the central woody 


axis becomes irregulnrlv expanded into parenchymatous 
tissue driving the vessels out nearly to the periphery, so aSjrmtn 
that the characteristic structure is gimtly clisguised. 

The aerial roots of the epiphytic Orchids have the grow- 
ing extremities clothed by several layers of a paren- 
cliyniatous tissue, in which the cells are chm'actcrized by ^ 

dMicato open spiral -fibrous secondary layers. ^ m'i} 

(j 83. The axial root of Dicotyledons, being a |P' 

direct continuation of the stem, displays a circular 
group of fibro-vascular bundles as in the ascend- n * f A 
?tig axis ; but these mostly converge at the point of 
uidtion of stem and root (cQ?/cer) . so that the | |H 
c entral axis of parcncl^^ma,, th^ is usually a^ M jMm 
.sent, the meclullary rays (§ 667) rcmaining^s hi the 
Stem. Externally, again, there is a difference, since ^ ffly 
the liber-bundles vanish and the cambium-region 
passes at once into i'fif cortical parenchyma, here roo^f a jSJrmj- 
colourless and succulent, and this is clothed by a less sodUm' 

prominent periderm than the stem. The roots of 
Dicotyledons increase in diameter by annual layers of wood formed 
in the fibro-vascular bundles, these, however, being much less regular 
in their arrangement than those of the stem on account of the tor- 
tuous course of the roots ; hence while the wood of tho roots is often 
useful for ornamental purposes, it is comparatively valueless for 
carpenters’ uses. The branches of the axial root arc originally 
growths from the apex of the root, thtown off to tho side, as it 
were, and their woody axis is derived from a division of that of the 
main root.. 

The ra4i^e of a germinating Dicofyledon has its, pUeorhiza 
(fig. 531)| : tuid grows, in the same way as that of the Monocoty- 


Fig. 531. 
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IccloTis, by development of cells just bcliind the apex. Young roots 
jire covered by a delicate epidermis; and the cells of this are 
abundantly produced into hairs ( fibrillce) in many plants, especially 
in those growing in light soils ; these lit)rils are deciduous, the deli- 
neate epidermis (which is always destitute of stomata) being gradually 
converted into a corky layer. 

Adventitious roots are very common in Dicotyledons, especially the 
herbaceous perennial kinds, and they alone can c^xist on idanta raise d 
from cutfinffs ife c. of stems. The roots originate much in the same 
way as liSosb^oTTheT^ appearing first as cellular cones 

in the region adjacent to the cambium-layer, with which the fibro- 
vascular stnicturc soon becomes confluent. They break through 
the rind, wdth a colcorhiza, and protected hj a pileorhiza, just as in 
!ironocotyledons ; but when once formed, they appear to branch in the 
same manner as the axial root, and not by the formation of sccondaiy 
adventitious roots. 

Tremil states that the structure of ad ventitious roots di ffers accor- 
dirig to the j^iart of the stem whcu^TEcy cmergeT T:^ for instance, 
they originate opposite a fibro-vascular buri3le,li8 in NupJiar, the 
centre of the root is occupied by a bundle of fibro-vascular tissue ; if 
they spring from the stem opposite the pith or cellular tissue between 
the vessels, then the ccaitre of the root is likewise ccUular. *111 
C)ry|)toganis, according to NiigeH, the roots always originate opposite 
a fibro-vascular bundle. The nri ma ry forni an d disposit ion of tlm 
roots depend in a measur e "on the for m oFliliirteniiiffl cj^s and on 
the direction of tlie pa rtitions by whicE it is divi ded — iensrthwiBeT 
fuirizont^, olr oblique. 

Tuberous roots of herbaceous Dicotyledons present several modifications 
in the arrangement of the structures. In the Carrot and Parsnip tl^e 
fibro-vascular ring has its component parts much separated by the great 
development of flie medullary rays and masses of parenchyma replardng 
the ordinary prosenchyma of woody roots, so that the fibro-vascular struc- 
ture has a deceptive resemblance to that of Monocotyhidons; and thecorticnl 
parenchyma, again, is greatly developed, so as to form a thick fieshy rind. 
In the Turnip the cortica^orcnchyma is little developed, and the mass 
of the fihro-voscular bundfes lies immediately under the rind, ihe inner 
vascular parts of the bundles being split up, as it were, into a row of 
fibres radially arranged and imbedded m a great quantity of lax paren- 
chyma. The fibro-vascular hmidles converge at the ^‘collar,” and then, 
separate again to surround the pith of the stem ; they also converge again 
towards the point of the root. These so-called roots are more nearly 
allied to the stem, and are, indeed, hypocoty ledonary stems. 

The structure described under the name' of has no existence 

in nature. The error has probably arisen from the appearance presented 
by thejpifcorAfSG. 

* Roots grow bv cell-development only near *the anex ; and interstitial 
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wood like the trunks, the passage of fluid taking place through the outer 
la^era. When the older parts of roots aiTi~e.xpo^>^ the air by rc- 
moy3 of .soil, they acquire a thick enrky puriderm. 

The general structure of th e roo t of Conifers is like that of Dicot jr- 
letiSn^ ' ' * 

' Structure of Leaves 

684. Tho plan of construction of the leaves and of the other 
appendicular organs of the stem is in the main identical throughout 
all cases ; but there is very considerable variation within the limits 
of the general type. 

685. The essential character of the anatomy of a leaf is, that it. 
is ail expanded layer of parenchyma clothed over its whole surfooc 
^t£ cpiQermi87ana fiirnirfied, accorfeg t<> its dogrecT of development. 
- ^tKa more ordess cxteiiBivc and con^licated tiramework ^ fibro^ 
vascular bundles, 

" In tile leaf of tho Turniji, for example (fig. 532), wo find an 
upper (<?) and lower («’) epidermis (§ 633), with an intorinediato 
mass of parenchyma (or merenchyma, m, m'), rather close ‘in the 


Fig. 532. 





Frqjectian of a fragment of the leaf of the Turnip, construoted frovn aeotions made in Tarious 
direotions, andmagn. 100 diam.; a, epidormia of the upper surfiuse witli ita atomata; e*, 
opidenniB of the lower face; «, atomat^ out tbrouffh, (mening into intercellular cavities ; 

close parenchyma of the umer part of tho leaf; m*, loose and spongy mrenchyma of 
the lower part ; /.ft, the out ena of a fibro^vosoular bundle forming one of the veins of the 
leaf. . 

upper pait^ and spongiform in the* lower part. The epidermis is 
studded Vith stomata {s\ which open into interceUular spaces com- 
mnx^catizig fi^y throughout the spongy tissue, and, farther, through 
ihe^tiole, with the intercellular passages in the stem. The fibro-vas- 
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Qular system (ribs and veins) runs through the lower lax parenchyma 
(fig. 632,/. 6),* and consists of bundles of spiral vessels and liber, 
the former continuous with the medullary sheath (§ 60(5) and youngest 
part of the vascular axis of the stem, the latter continuous with the 
liber-bundle outside (he cambium. The primary ribs in most Di- 
cotyledons contain much liber, and thus become very thick, so as to 
project from the lower face of the leaf. 

The primary ribs Iiave a structure almost precisely like that of a small 
branch, though the cambium-laycr or layer of active, growing cells is 
sometimes placed betw<ien the fibro-vascular bundles and the upper or 
inner epidermal layer in the case of leaf-organs, while in the case of the 
stem the organizing layer is situated between the libro-vasciilar bundles 
and the lower or outer epideimis. 

Great difftTencos r(»sult from the diffijrent degrees of development of the 
spongy portion, as may be 8(?en by compm-iug the leaf of the Lilac with 
triat of the Aloe or Memnhryanthemtm &c. The degree of consolidation 
of th(* epidermis bv the formation of thickening layers (§ 637) is the 
principal source of diflercnce of solidity of leaves. 

686. Submerged leaves of aquatic plants have no stomata nor 
any extensive intcrcc^iluiar system ; the c^pidermis is also little dcvc- 
lopc'd, and there is commonly a total absence of fibro-vascular veins* ; 
hence the delicah'- and perishable character of these organs, 

687. The leaves and oiher appendicular organs are espccially*the 
seat of the glandular and analogous epidermal structures (§ 636). 

688. The petioles usujiUy consist of a mass of parenchyma, sur- 
rounded by epidermis nnd traversed by fibro-vascular bundles 
arranged in a more or less semicircular manner. When cylindrical 
the bundles form a complete circle, and the structure is then un- 
distinguishablo from that of a young branch, on which account the 
ordinary leaf has been regarded as a bmneh the upper portion of 
whose vascular tissues are suppressed or depauperated. 

The fall of the leaf is effected by the gradual formation of a layer of 
thin-walled cells across the ptstiole, at right angles to the direction of the 
other tissues, and which thus ultimately separate the inert loaf from the 
living stem as by a knife-blade. 

Strmtiire of the Fl-oral Organs, 

689. Bracts, sepals, petals, &c. are organized on the same plan as 

leaves, their epidermis frequently presenting raised conical cells and 
having stomata. The tissues of thesef organs are more delicate, the 
fibro-vascular stnictures being almost exclusively formed of spiral 
vessels. The parenchyma of petals contains flui d colouring -matters 
(§ 609) inBEao^^clito^ ~ ‘ 

In the parenchyma of the floral organs of cdloured structures, the cells 
are filled with fluid colouring-matters of various tints, the depth of colour 
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depending on the greater or smaller number of. layers of colour-cells 
beneath the epidermis, the tints differing accordingly cells containing 
colouring-matter of different hues overlie one another. 


690. Stamens and jnstils are composed of rather rcj^ular paren - 
chyma with a delicate cpidgrmisV an3 fibro-vas^ar ribs more or 
less developed in difrerent cases. 

The structure of the* anther is somewhat complex, varying not only in 
different plants hut also in different stages of growth. At first consisting 
of cells of about tlie same size and form, it subsequently presetits a central 
mass dBYOted to the formation of the pollen (see under Physiology of 
lleproauctive Organs). This central muss is overlain by throe layers of 
cells : first in order going from within outwards is the 0ulothcmum^ con- 
stituted by a single layer of delicate cells of a differeift siz^ ana shape 
from the rest, and usually disappe<ariug as the polhiu-grains are matured. 
These cells apparently coiitain nitrogenous contents, supposed to be 
applied to the nutrition of the pollen-cells during their growth. This 
layer is persistent in the case of anthers opening by pores. Succeeding 
the endothecium are one or more layem of permanent cells, spnie of 
which contain spiral fibres. Thes<^ cells constitute th e The 

fibrous cells var}' in number and situation in different pl^ts, and ore 
sometimes entirely absent, as in the cose of anthers opening by pores ; 
hence they are sut^ostid to act hygroinetrically . in tiie dehiscence of 
valvular antliers. The third layer of the anthers is of an epidemial 
chara(*.t(?r and is called the ^othatinm. The connective has the gcmcral 
structure of the filament ; sometimes, as in some Lilies, it contains fibrous ' 
cells. Each (jell of the anther is partly 8ubdi\ided by cellular projections 
from the connective; to these processes M. Ohaiin gives tho name of 
r^ucentoids, being of opinion that they contribute to the nourishment of 


tlie pollen. 

The pistils and fruits have, for the most part, the general structure of 
leaves. Some of their fibro-vasculor bundles run along the placentas and 
give off spiral vessels through the funiculus (§ 284) to terminate at the 
chalaza (§ 286) of the ovule. 

The style has usually in the eex^re a quantity of loosely packed, cylin- 
drical, elongated cells, constituting the cmidiwtina tissue for the pctllen- 
tubes. Tho stigm'atic cells are devoid (Tf epidermal covering, and hence 
present tho form of partly detached prominences or papillm. 

The coats of the ovule, as well as the nucleus, arc usually wholly 
cellular ; occasionally, however, the vascular tissue, instead of ceasing at 
the chalaza, is proIoiig(jd upwards into the coats and into the nucleus. 
Great changtjs take place in the nature and arrangement of the cells as 
the ovules ripen into the seeds. The disposition of the cells of the outer 
investment of seeds is often very beautiful and characteristic. 

In the ripening of the fruit the organizing tissues, which carry on the 
growth of the organ, are situated between tne inner epidermal layelr and 
the ffbrO'^t’^^ular zone, as in the case of leaves. Moreover the ffbro- 
vascula];i|||^dles are anang^d, as in the leaf-blade, with reference to a 
surfiEUjeyjpIfoot in a eyfindnead disposition as in stem-organs. 

69ljffle anatomy Qgtbe igitK 

that <^$he stem. Hollow reoopta^, li&e tUMo of (he Sose or ^ 
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tho Apple, in .which the carpels are enclosed or imbedded, have 
ossentiily a stem -structure, their carabium-laycr being placed 
'between the fibro-vaseular zone an^ tho outer e^ndermis. 

■ Anatomical investigations show that inferior ovaries (§ 158) are really 
' cases of adhesion of the imbedded carpels to the esepanded upper ex- 
tremity of tho tludamus. 


CHAPTER II. 

GROWTH AND DEVELOPMENT OF ORGANS. 

. Development of Cells, 

G92. The cells originate in the interior of preexisting cells ; but 
the i)hoiiomcnon does not depend upon the ceU-membrane ; it is 
altogcither a result of c lmn ges taking place in the ce ll -contents. 

In the luajority of cases cells ore peifectod within the cavity of the* 
paixmt cell ; but in the zoosporc's of the Algie wo have an example of tho 
fully developed, nowly individualized priinordiiil utricle, with its con- 
sults, escaping from the pareut cell in a naked condition, and forming its 
coU-mombrane subsequently. Mirb el afomed that colls were not in all 
^so s for m ed within other cells pan Jl’cxient oFsorvations' tend strongly to 
conBrin "fKis bpimoh. 

($93. Development of cells in plants takes place in all cases in 
essentially tho same way ; but the form of tho result is subject to a 
number of important modifications. 

Tho modifications may be classed under two principal heads, in 
each of which class wo meet with various subordinate varieties. 
These two modes of cell-dcvclopm8nt are : — Ir whey^ 

two or- more now cells accurately fill the cavityWffi 
and adhere firmly to its membrane, giving the appearance as though 
the original cell had been sim]}ly divided into compartments ; and 
2. Free-c^l formation^ in w'hich the whole or part of the cell- 
contdftttS tefebthe '(iciacbed from tho cell-wall and resolved into one 
or more new cells, which have no adhesion to tho membrane of the 
parent cell, and ultimately escape from it, 

Cell-'div i mn is th e p rocess uni versa l m the formation of the* cells 
by wMcl^i vegeti^ ve CTo^h is erierted ; occurs 

fflly jiTthe ^^Au^otion <n ccILb c6nnecte5 with reprodm^^ 

It will render the comprehension of ^e phenomena easier, to describe 
oeU-fomation first, although, from the statement just made, it is evident 
vthat free-cell fonnation is the primary phenomenoB»in the li& of every 
plant that originates fiem a seed or sp^re. 
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Cell-diyision takes jjlneo in aU g^winof parts of pl^-nts, ‘but ih the* 
higher classes these regions arc only accessiole by dissection ; in the loworf 
and especially aquatic plants, we are able to observe the process of cell- 
division in living organisms in all its details ; and it is in these that the 
phenomena are most satisfactorily studied. 

p/mPOd. Cell-division can only take place in a cell which retains its 
protoplasm in an active state. When the parent cell is about to 
produce two (or four, or rarely more) new (jells, the primordial 
utricle or protoplasm 8oi)arates from tins cell -wall at the line 
boimd|n<g the plane of division, and advances inwards in the form 
of a narrow fold, uniil the portions of the fold coming from tlu' 
different sides of the cell coalesce, and the protoplasm is rosoh'cd 
into two (or more) closed utricles, together completely occupying the 
place of the original utricle. While the protoplasm is folding inward, 


Fig. 583. 



Section of the ontor Inyeni of the rind of Oerm ptrumanvs soaked in alcohol : a. cortical 
cells with contracted protoplasm, somo witli newly formed septa (e); A, cork cells newly 
for,ned by division in the outer oortioal cells; e, epidermal cells; (^cutiale. Kagn. 
200dia]n. 

it deposits the same time successive layers of cdluloso all over 
its Burfa(36; and these form thickening laminmon the wall of the. 
parent caUX^ which they adhere), continued into a double septum 
separating l^e cavities of tho two new cells, formed by the infolded 
portioite of the protopls&m (fig. 533). This ^kes place not only in 
^the vegetative cdls but also in the pollen. At other times the 
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now ^viding cell-wall is formed gradually, after the sudden division 
gF tti^rotoplasm mto two portiops. "" 

This phenomenon mny be traced very clearly in all its minutiae in large 
species of Confervero ( Cladaphoraf fig. 534) ; and s() far as we may judge 
from observations, extended from similar cases, through the accessible 
structures (nascent leaves, protiiallia, &c.) of Mosses, Ferns, &c., up to 
wliat we can detect in sections of the tissues of the Pbancrognmia, it is 
the universal mode of subdivision of cells. 

Fig. 5.U 



Coll-iliviBiou in Cluilophora ploumrafa. A. Part of a ainmrnt in avatuml condition : a,ecl]' 
incnibraiic : c, primordial utriclf* or protoplotun; dr, nitaation where diTimon is about to 
take ]>laoe. D & C. Stn|;es of the formation of a septuin at j*, thi> lllament having been 
treated with Nbiohol : a, wall of the parent cell; b, walla of the new ceUa; e, protoplasm. 
D. 8ej)tnm of old filament treated with dilute aulphurifi acid, to swell up and separate 
the laminie of the eel! -wall and contract the protopluam;, a, wall of parent o«-ll; A, 
wall of daughter cells ; e, protoplasm. Mngn. 200 diam. ^ 

695. The principal varieties wldch this process exhibits depend ^ 
on the character of the tissue to which the dividing cell belongs. 
In filamentous Confervoids this division takes place in most cases 
tott in ttc end cell of a Slament (apical growth) and in cells form- 
ing links further down (intercalary growth) ; in each case the parent 
cell elongates more or less beyond the ordinary measure before di- 
viding, and the new cells each grow until they equal the adult 
length of the parent. In the branched GLadoikorm (fig. 465, b) 
ike. the parent cell sends out a lateral arm, which is at first a pouch 
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with its cayiiy continuous with that of the parent ; and this is sub- 
wquently shut off by a lateral septum formed in the manner above 
described. The hrmdiospores of the Agarics <&c., and the spores of 
Pmicillium, Botrylis, and the allied forms of h’ungi, are produced in 
the same way, as also are the conidia of the “ Yeast-fungus/’ the new 
cells emerging jike bubbles blown out from the wall of the parent 
cell, and becoming subsequently shut off by a similar process. In 
the Phanerogamic^ the cells of the growling points, as of the apex 
of buds anT rooSi of the cambium-layer of the stem, &c., multiply 
while very minute, so that it is not so easy to trace the changes ; 
but cell-division may be readily observed in the eindennal hairs of 
the highest plants, and the protoplasm is observed to bo equally 
efficient as the agent of multiplication in these. The direct ion in 
which the division takes place is usually horizoiiiul, somi'tiincs 
oblique, rarely if ever strictly vertical. It will readily be surmised 
that the form of the organs and the mode in which they ramify may 
dei)end materially on the form of the terminal 'or apical cells, and on 
the direction in which they divide. 

The production of complete cells within cells, the septa dividing the 
new clianibers being contmiious with new laminsc deposited on the old 
wall* of the parent cells, may not only be observed direc^tly in Cladiijtlm'a 
(fig. 534, 1 )), but is beautifully proved by allowing filaments of Sinroyyra 
tt» decay in water ; but these brefik up into lengths of eight, four, and two 
cells, and at last into single short cells, by the solution of the membrnnds 
from without inwards. 

The softening and swelling up of these parent membranes doubtless 
give rise to the semigelatinous (mt of many of the lower Alg<e, espe- 
cially the Nostochineae and Palmedete. In the cells of the parenchymatous 
tissues of the higher plants, their parent membranes are mostly lost sight 
of by iHjing expanded to extreme tenuity, since the cells here usually in- 
crease very much iu size after their first formation. In woody tissues, 
formed from cambium-cells, tiniv are mostly so thin as to be almost im- 

a tible; but it appears as though in some instances they became 
»rmed into a kind of cement gluing the cells together, but capable 
of being dissolved by nitric acid so as to set the wood-cells free. 

696. CeU-division occurs a sji ^ of free-cell formation in 

man^ cases, when a tissue liTabcmOo ^ve Bifib to a greSTmmBef 
sn^ecaiST ISfirin^tbe formation ofTihe pollen-grains In anther^ ancl 
fRe ^*ofes*in the sporanges of the higher Cryptogamia, where the 
structure is in the first instance developed into a quantity of chambers 
by ceU-division, each of the compartments then producing a free cell. 

This must be borne in mind presently, when we come to speak of the 
modifications of free-cell formation. 

697. The essential character ot free^eM formation lies in the cir- 
cumstance that the protoplasm which produces the primary cel- 
lulose watt of the new cell previously bmmes separated from the 
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wall of the parent cell, so that the new cell is free (or loose) in the 
cavity of the parent. 

The modiheations of free-cell formation are numerous. 

698. The simplest case is where the protoplasm, enclosing the 
whole contents of the parent cell, sex)arates all over from the wall 
of the parent cell, and, while thus free, produces a ccHulosc membrane 
oycT its whole surface, which constitutes tlie wall of a new cell. 

^ This^takofl^pla ce formati on of ^e^ parent ^ (ills .of the 

and sometimes, but not always, in the formation of the pollen-grains. It 
appears to occur also in the lormation of th e pa rent cells of the spores ^ 
Mosses, ITepaticfet Ift riiSj" &c. 1 1 is more readily observed, accompanieclj 

however, by special ph('uoniona previously taking place in the contents,’* 
in the formation of the resling-sporos of the Conrervoid Algae. In (Kdo~ 
gonittm the whole contents of the pai’ent cell of the spore become isolated, 
and, secreting a now coat, form a free cell, which escapes by the dehiscence 
of the parent cell. The r»\sting-spore of i^nroffi/f'a is formed in a similar 
manner, but around the bleiuhnl contents of the two conjugated cells (tig. 

A) ; the sporangos of Desmidiaccte ai'o formed in a similar manner. 

The real character of the phenomena presented here is well illus- 
trat(^d by comparing the formation of the resting-sporc of CBlf/o- 
ffonlain with the propagation of the same plant by zoospores (hg. 535). 
In the latter, the whole contents of a parent cell escape into j;he 
water (6, c) and assume a globular form, bounded simply by the 
primordial utricle or denser portion of the protoplasm (e), and it is 
only after a time that* the cellulose membrane constituting the coat 
of the new cell is produced on the suifacc (/). 

Fig. 535. 
a c 



DeTclopment of sooBpore in (Etfomnwm: a, parent filament; A, a joint breaking aeross to 
enut ita contenta; e, a more advano^ atwe (the globular maas of contenta (naactmt aoo- 
^re) atil] within a celloloae pellicle); a, empty parecib-cell: e, the aoospore eaoaped 
nmn it, with its crown qf cilia formed; /, the aooapore, after it haa aettled down, become 
encysted by a oelluloae coat, and begun to grow into a new filament. Magn. 200 diam. 
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699. A case closely analogous to tlus is whore the whole contents of 
ttio pjtrcnt cell become parted into four or more portions, collectively 
filling the parent ctdl, but free from it, so that when they secrete 
their membranes they bcor)Tne so many free cells, which escape by 
the bursting or solution of the parent coll. 


Fig. 536. 


This case occurs frequently, with the production of foiir ^ cells, in the 
develo^nie^~ of j ^lleii4^^ and Ilio spores f>f the Cjryptogami^ 

Sometimes iTie is a certain irn^^gula ritv i n such ca se. ^ the parent cell 
either beeoming reSly” chanibeiS Dy^11^ivisl()n,"^aii(ri()rrning onci c(dl 
in each of the four chambcjrs, or at once giving hii-lh to the four free 
cells. 

Other instances of this modification are found in the development of the 
spores of the asci of Lichens and Mosses, apparently also in the tetra- 
sport's of Floridete. The development in this way of new cells which 
escape from the parent cell as naked utricles, is ol)s<‘rved in the spores of 
Fucus, and in the zoospores of many Oonfervoids, which are formed in 
fours in each cell ( Uhm, Cafeochupie, &(5.). 

The resolution of the wh o le contents of a 
celfmCo a great hiim^^F^TreiT^cel ^^^ 
ih the fbn^tion o f the,very^merou^oo^ 

^dr es oC^CG^^ora fBg. 465, d) an& 
with the formation of the new cell- 
membrane after their escape from the cavity 
of the parent ; and what is observed in thesb 
casus leads to the conclusion that a similar 
mode of development, going on to the com- 
pletion of the cells within the parent, occurs 
in the formation of the parent cells of the 

3 )ermatozoids or antheridia of the higher 
ryptogamia, where a great number of minute 
free cells are developed, and arcs found free? in 
the cavilj' of a large parent cell. The foi*nia- 
tion of tne now fronds of Ilydroditiymi is a 
remarkable case of the resolution of the whole 
contents of a cell into a vast number of free 
cells, which acquire their cellukise coats and 
cohere into a new network within the parent 
cell. 

700. In the forma&on of the germinal 
Tosiclcs in the embryo-sac of the Phanoro- 
gamia, and probably in the cell correspond- 
ing to the embryo-sac in the archegonia of 
the higher Cryptogamia, a •portion only of 
the protoplasmic svhstance of the parent cell 
takes pUrt, becoming isolated in the form of 
one or more (usually three in Phanero- 
gamia) globules (fig. 536, A), one (or some- 
tini'es two) of which acquires a ^^d^ose 



DoTelonment of the embryonal 
venole of SoMf^um tUimm. 
A. The upper end of the em> 
bryo-sao, with the tmibryonal 
ooxpuadeH (e v) yet devoid of 
oell-iuembraaeB. U. Thenmo 
later, with the pollen-tube (p t) 
adherent : the embryonal veri- 
olo (a a) haB aoquirod a ocUu- 
lose coat. Magn. 400 diam. 
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membrane, and forms the first cell of the embryo, or its suspensor 
(fig. 536, B). The new cell is here often very much smaller than 
the parent cell, and this case thus offers the clearest and most striking 
instance of free-cell formation. 

In the embryo-sac of many of the Phonerogamia we observe, subso^ 
quently to impregnation, a process of free-cell formation of a peculiar kind, 
mo protoplasm of the embryo-sac breaking up by degrees into numerous 
corpuscles, which successively form cellulose coats, and apply themselves 
to the wall of the embiyo-sac, until the layers meet in tne centre, and 
the whole sac is iillod up" with a parenchymatous tissue, the cells of which 
(emloitpenn-celh) are at first very loosely coherent. Perhaps the parent 
cells of the spermatozoids are formed m this way, in the cells of the 
jmthoridia of the higher Ciyptogamia. 

The formation of the ^ictive zoospore of Vaucheria is really a result of 
the isolation and individualization of a portimi of the contents of the 
parent cell, since here the whole plant is one gigantic cell ; but this 
case is quite difiereiit from the developments included in the preceding 
paragi-aph. 

701. it is still a question what influence, if any, the cell-nucleus 
exerciscrover cclj-formation ; all that is certain is. that it exists in the 
majority of young cells, and that in many cases it divides {SpirO’- 
gyra, hairs of Tradescdniia), or disappears, and gives place to two (or 
more) new ones, just before or during the division of the primordial 
utricle to form the contents of two (or more) new c()Us. The real 
connexion of the nucleus with the life of the coll remains altogether 
obscure. 

The original statements of Schleiden regarding the formation of new 
cells upon or areund a nucleus were incorrect ; the nucleus always lies 
under tlie primordiHl qjtricle, on which d(>pend the structural conditions 
of cc'll-fonnatiou, and never in contact with tho cell-membrane. But it 
is quite possible, and even probable, that the nucleus may have great 
physiological importance in cell-development, and may constitute the 
focus, as it were, of the physiological forces of the cell. 

Development of vessels, epidermis, stomata, ^c, 

702. The different fonns of vascular tissue, including the laticiferous 
vessels, originate from cells. The most usuaJ^ourso is for a number 
of more or less oblong cells to range themselves end to end in longi- 
tudinal scries; after a time the partitions between the cells are 
broken down or reabsorbed, and a continuous tube results. 

The immediate inducing cause and the precise maTmor in which 
th^artijions are absorbea are not known. ~ 

tile epidermal colls ^o in the first in^ance usually smaller than 
the other parenchymatous cells, and more closely packed together. 
They are at first spherical or nearly so, J^ut shortly assume the 
nsu^ flattened character. The epidermis is at first destitute of 
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(§ 634) ; but these *orfgai^ are praduallv., developed, in the 
fc following maniier / In ceBam of the ^ells the nucleus, pn^iouslv 
ih contm with the cell- wall, becomes detached from it and sub- 
divides into two nucleoli ; the parent cell- wall then forms a septum 
between them ; and thus two cells ^e formed, at first in apposition, 
but which subsequently separate and leave an opening (the gtoma) 
between them. At the time that this is going on, wide inter- 
cellular spaces are formed, into which the stomata open. 

Development of the Stem 

703. The general course of development in the stem has been already 
alluded to in the case of the acrogenous, endogenous, and exogen- 
ous types respectively. Grouch in length is effected through the 
a gency of the urom'nq whichji when 8urroundedl)v leaf-scales 
and rudimehtoy leaves, fors^ huds. 

These buds, in the first instances, are little conical eminences consisting 
exclusively of cellular tissue, the constituent cells of which speedily, '•ange 
themselves in throe divisions, which may be termed the central, cortical, 
and tipidormal series. Of theso,the central series forms the mass of the 
young bud ; its cells divide at first in all directions, but subsequently in 
linear series ; the epidermal cells divide by horizontal and parallel sub- 
divisions ; the cells of the intermediate cortical series, in the first instance,* 
grow moi'e after the fashion of the central cells. When leaves or branches'" 
commence to be formed, the outer cells of the central mass divide by lon- 
gitudinal partitions, at the same time that the central mass itself exclianges 
Its conical for a cylindrical form, ultimately constituting tlie medulla or 
pith. The form and position of these growing points depend materially 
on the form of the primordial ceU, and on the direction (longitudinal, 
transverse, or oblique) of its partitions. 

704. The form and mode of branching of the stem depend mate- 
rially on the positignTun^ airai^em^ the buds. ~ 

MisloS by CCTtam appearand to produce a false ^ 

impression, botanists at one time attributed the formation of woody ,, 
matters in root and stem to a. progressive downward action: thus^ 
the new cells were supposed to be^ formed from above downwards." 
' It is not necessary to g;ato the arguments on which this theory was' 
based, as it has boon c%apletely set aside by the researches of Trccul 
and others, which show that the new tissues ^ formed at^t^..®pt 
w here th ey arc aeeiv.a?id are not fomdl Both.- 

^ark and wood cooperate in the formation of nevT wood ; and either 
of them may. form woody or cortical tissues without the intervention 
of the other. 

There kj pa son to believe that the pprowth of the stem of trees takes 
supamOT nron™. attd StaVcoiripamtiv 
tpiiil either in spruig' or la autumn, though in the latter 
peiiid tne hew growths are consolmted. 
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Development and Orowth of iJie Boot. 


705. The mode in which the root grows and is developed has been 
already treated of (§§ 680-682) ; but a few words may here be said 
as to the formation of adycntitioiis roots. 


These formations usually, but not universally, occur in places where the 
atiuosphero is warm, stagnant, and loaded \idth moistme. If a ring- 
shapea piece of bark be taken from the stem, roots are formed from above 
the wound, but not from below—a circumstance suppased to be due to 
the accumulation of or^nizable matter above the wound ; but by others 
it is considered to bo owing to the absence of oxygen. Portions of willow- 
stems decorticated as above described and grown in water will produce 
roots below the incision if exposed to the light, and none above the 
water ; and by covering the glass with black paper, and thus preventing 
the access of light, M. Tldhm has succeeded in reversing the phenomenon. 
The portions of the stem in the water have been found by experiment 
to give out oxygen under the influence of light. 


706. The downward direction of growth of the roots, as contrasted 
with the generally upwatd growth of the stem and its subdivisions, is 
one of the most rcmaikablc phenomena of plant-life. In the case of 
the root, one principal reason for the downward f^pwth is the greater 
mnount 0 ^ yoisturo receiged from thar side. The root grows bv 
(TeVelopment just '^thin the apex ; and the multiplication of the cells 
in that situation is dependent on a tree supply of moisture. The 
instances of roots of trees growing in the direction of water- 
courses or drains illustrate this ; and when plants are grown in close 
glass cases their roots are sometimes seen to rise above ground when 
the confined atmosphere is very moist. We have more than once 
observed the roots of bulbous plants, growing, in water or in damp 
sand, coil themselves in spirals. Other ^sipnod reasons are deneq- 
^nt on the circumstance that soft yid^j^ extr^^ the 

^ung roofp^etrates ihe intorsiices of tl ie soilj a nd is nustieS down 

'the Silatation and expansion itie , oliJer porUon^ 

3o Wward direction of lEo root-haiFs,. when nreseaat.^ aEo 

?acflii^to Sownw^^ growt&t and prov^t the ry t from bei^ du^5 

up. 

The action of gravitaty)n has algo been considered to have some 
influ^ce over the joyrnw^ CTOwfe. and aTso tke varying degrees 
0? tofision^manifestei by the tissues in the different regions of the 
stem and of the root respectively, pith, rind, &c., such tension being 
directly dependent on the activity of the nutritive processes in the 
growing tissues. The combined action of the causes just mentioned 
is mpposed to account for the varying direction and curvature of the 
organs of plants ; but this explanation does not appear to be wholly 
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Devdopment and Growth of Lmf-orgaps. 

707. The leaves (and all their metamorphosed forms, such as the 
parts of the flowers &c.) oririnate just beneath the absolute a^)ex of 
the stem, by cell-division of the tcrainarcefts — wnion results in the 
ae^ectiou to one side of a small group of cells forming a conical pajpill^ 
or the formation of an annular collar (sheathing leaves), which do- 
velopes into an independent lateral organ. Those leaves always arise 
one afte r amihex . in order regulated by the laws of Phyllotaxy 
(§ 60). " The papilloe from which loaves originate are at first wholly 
cellular ; after a time elongated cells are formed in the ceirSc ; and 
these are followed by spird vessels formed in a direction from the 
base upwards. 

As a rule, the first part of the leaf formed is ite poin<|. which is 
gr^iall^^ pushed out by devebpment at the~ point of junction o^ stem 
and leaf ; but intei^sti^f multiplication also occurs in different parts 
oFTheTeaf (especially in stalked leaves). 

The pushing-out of the leaf by development at itS base may be well 
observed in the leaves of Hyacinth-bulbs developed in early spring. Not 
only are the tissues (epidennis, &c.) younger b'elow, but the relative 
growth of the parts may be demonstrated by making a series of marks at 
eq^ual distances up the leaf and watching the "proportionate extent to which 
they become separated. The same pipcess gives very instructive results 
when applied to the measurement of the growth of the roots of the same 
plants, and is easily carried out with bulbs grown in glasses of water. 

708. The basilar orjjgwgggjmode of leaf-formation above described 
is that which is most frequent ; but in some instances the apex ojP the 
leaf, instead of early losing its power of growtih, continues to ^ow 
yd dcyelope new cells in that~ situation, me cells at the base^f tRo 
leat^ m ttie^ cases, heing tlie ^dest. This mode of leaf-formation 
is called l^asifwiaL • 

These modes of leaf-formation may be well seen in the case of lobed or 
compound leaves. Thus in the Rosg or Passion-flower the terminal leaflet 
is first formed, and lateral leadets afterwards from abo^^'^ownwards^ 
^cording to^he basipetal plan. In Mahoma and in many Leguminosas. 
such as the Gai^den iW the lower leaflets ye fonyd t uM and tlie otheiB 
subsequently, avoiding to the basifu^l plan, llie lobes or notches of 
simple leaves are in like manner formed in one Pr. the other of the methods 
just alluded to. The stipules are often developed before the leaf-blade ; 
when otherwise, they are probably lateral developments from the petiole 
rather than separate organs. 

I^metimes the two modes of leaf-formation above described coexist m 
.j ttielgmaBlejrf ; that is to Ba;jir.lthe lobes of a leaf may befoimed from above 
' dovmmras/while the nerve passing into each of them gives off its branches 
i&am. below .^upwards. 

‘m <1^ aitongamfialLof onrai^ 
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depends ob the Period at which th^cg are developed : thus, if two or 
xhore ieai-organs l^e (ievelo^if aFlihe ^ time ana in eqnol degree, 
a whorl is produced ; if the development be svjccessive, not simulta-- 
neous as in the preceding instance, the organs arc then arranged 
^temately or spirally. 

Hie development of the several parts of the flower takes place 
after the same fyhion as that ^just mentioned in the case of leaf- 
or^ns in gen^aT ^ ^ ~ ~ ~ ' 

The causes producing irregularity and deviations from the typical 
floral symmetry have been already alluded to (§ 147 et seqq,). It 
should bo remembered, however, that these irregularities are often 
congenital, i. e. exist from the very beginning ; in other cases the 
symmetry is perfect at first, but becomes subsequently changed. 

Usually the floral tubercles representing the origin of the several 
organs originate separately ; but sometimes a cellular ring-like pro- 
jection is first emitted from the stem, and from this i^eath-like 
structure are' evolved the floral organs. 

Compound stamens (§ 199) or phalanges of stamens originate as 
simple tubercles, from the sides of which originate the secondary 
staminol tubercles from above downwards, as in Mallows, the whole 
course of development here precisely resembling what takes place 
in the compoimd leaves of some Passion-flowers or of the Hose. 

The ovule arises from the placenta as a cellular papilla, the nuclms 
(fig. 537, a). Around the base of this is formed a cellular ring, 

Fig. 537. 

a b e d 

. O ry .Q 

Development of ovnle : a, primary nucleus, invested at b by th^rimiiis, and this by the 
secundine (e); at d the ovu^ has become anaffopous. 

which gradually lengthens firom the base upward into a tubulai 
sheath or coat of the ovule (5). The succeeding coats, which vary in 
number in different plants, are Jpnned in like manner, are wholly 
cellular, and leave at the apex a small hole, the micropyle (§ 236). 
During the growth of the coats of tbo ovule a change in diction 
usually occurs, so that the ovule becomes inverted (§ 238). The 
structure and mode of development of the pollen and of the ovules 
will be further alluded to under the head of the Physiology of the 
Beproductive Organs. 

From what has been said on the morphdogy, structure, and mode of 
development of the several organs, it will be seen that all the orgMM 
flowenhpf-plantB may be ledu^ to two typ^s— tl!at of the axig^ and 

is 
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of the leaf; and, indeed, it is not possible in all cases to distinguis h be - 
tween siem-orgein and leaf-oigan. The distinguishing character Imt-lhcble 
to exception consists in the circumstance that a bud may be and is con- 
latently formed at the apex of a stem, while it is never developed from the 
lupex of the leaf-organ. Another distinction consists in the relative posi- 
?taon of the cambium layer (§ 686). Two opposite modes of growth, the 
definite and the indefinite, occur in stem-organ and in leaf-organ j and to 
ibne or the other of them may be referred all the variations in form and 
mode of development. 


CHAPTEE III. 


GENEEAL CONSIDERATIONS ON THE PHYSIOLOGY OF 

plants. 


71 0. What arc termed physiological phenomena are manifesta- 
tions of a peculiar force or forces, the presence of which in any body 
marks the existence of what is called life or vitality. 

The vital force appears to present certain modifications. In plants 
there exisfa only an ofyanizinff power ; while in qnimals^there ^ 
TSuperadded to tfa what Is caRea 9u^om”j^rcej connected with the 
prince ^f a self-determining ti; 2 ^/,^and, in tfee higher classes of 
animals, with a far greater subordination and mutual dependence of 
the organs than occurs in plants. 


yhis statement is somewhat genenil, applying only to the two King - 
do^^ Vep^hle yd AnimaL as wh oW; Torchere exist auimals^fMnime 
drganizanon exhibiting no more definite traces of the existence of a 
nervous force than we find in certain plants, or structures of plants. For 

example, it is scarcely possible to point out any important physiological 

difference between the zoospores of the Oonfervoias and the Protozoa 
such as Amesba and^aUied forms. 

711. The orflranmwy or vital fercc of plants is especj^Iy disi^ - 
guiehed irom mat Iby^ts relations to the chemicJ 

regulatang ih^cLanges of inoiyanic or mineral matter. Plants are 
nourished directly on mineral mo^^imalscan only assimilate sub- 
stances which have entered int^pccial combinations in the or- 
ganisms of plants, and assumed the condition of what are culled 
organic compounds. 


Some plants live entirely on organic substances, as we see in the cases 
of parasites ; and the power probably exists in plants generally to a certain 

T— xT *1 *1 -n • j. _iT 1 1* 


extent. In the remarkable class ox Fungi, almost all the kinds live upon 

• XA T» A At- _ • it-A* •_ ^ 



plants and animals, os entire 
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kingdoms, lies in the. difereBt difl^^^ of their organg. In plants- 
tnese are all producea oxtemaliy ; roots tor absorpfiofi, Mres for reapi- ■ 
ration, &c., toj^ethor with the reproductive organs, are all extemail. ^ . 
animals the organs of ** ve^tative ” life, i, e, of absorption, digestion, 
respiratipn, &c., are enclosed in the interior of the body, more and more 
completely in proportion to the complexity of the oi^anizatiou, the organs 
of motion and sense being thus brought out prominently externally. 
Animals feed by taking solid food into an internal cavity (stomach &c.) 
lined by absorbing structures ; plants feed by sending their roots into the 
nourishing-matter and absorbing it, in a liquid or gaseous state, by their 
surface. 

The proposed chemical distinctions between animals and nlanfe must 
bo iaken \nth Jimitation . The cellulose structures or hard parts m plants 
have flC peculiar t^ary composition of carbon, oxygen, and hydrogen ; but 
the protoplasmic matters contain nitrogen, and resemble animal matter. 

Cellulose occurs in the structure of some animals (Tunicata) ; the green 
colouring-substance of Hydra mridi^ is ifhclistinguishable from chlorophyll ; 
and substances resembling starch in chemical properties are found £cre 
and there in animal bodies. 

712. A very considerable part of tlie changes which accompany 
the process of organization arc the results of the action of physical 
and chemical forces, capable of being explained up to a certain point 
•by the known laws of those forces. But in every case, after referring 
^ the chemical and physical phenomena to jpieir respective 

precisely the most important; ot all, namely ^ttatliTli^g organic 
structures (which are always recognizable by a definite form, struc- 
ture, and composition) the laws of inorganic matter are, to all appear- 
ance, subdued under a higher infiucuco, and caused to undergo modi- 
fications never occurring except in the presence of living matter ; 
and the peculiar compounds of matter thus produced are not only 
made to assume forms, according to definite laws, totally unlike any 
forms of mineral substance, but constitute bodies manifesting a con- 
tinued interchange of material with the surrounding media, which, 
Ihstead of resulting in decomposition, as in piineral bodies, effects a 
l^ptbduction and increase of already existing matter. 

The most striking characters of plants, contrasted with minerals, con- 
sist in the forms, and in the faculty of development and reproduction. 
As regards form, ciystals exhibit regularity, obedient to certi^ definite 
laws, and so far might be compared with vegetable cells ; some au- 
thors have even termed the cell a cryjdcd formed of mibstance capable of 
imhddtihn: . But there is an eyential difference even m the structure m 
cryBta,l8 and cells : the crystal exists oi' a combinafion of lai^aB ciie- 
micaUy Uomo^neous ; the cell is a heterogeneous body, consisting in the 
•simplest cases of a sac or excavated corpuscle containing in its cavi^ a . 
4Biib^ance differing chemically from the cell. Even in tne imperiect see 
primordi^ utricles set free as zoospores in the Coi^ervoi^, this distinction 
m.waU and contents exists; and it is. still more marked in all complete 

2b2 
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vegetable cells, jaince these possess a distinct and persistent cellulose 
membrane. 

l^e mode of formation of the cell, too, is essentiaHv differe ”* 
t ha t of a OTstal. The latter is I'ormea 5y the simple deiyMtion m a souft 
form of a impound dissolved in the mother-liquor.” The protoplasmic 
substance of plants (§ 597) can only be formed by protoplasm already 
existing, 6ehctin(f and assimilating substances present in the surrounding 
medium, converting them into new compounds ; while the cell-membrane 
itself, which is the part usually compared to the crystal, is likewise 
duced as a new chemical compound by the protoplasm, which secretes it in 
layers, unlike the protoplasm both iu form, composition, and physical 
condition. When the true nature of the molecular constitution of tEe 
cell-wall and of the protoplasm is ascertained, it is probable that the 
statement in this paragraph will require considerable moditication. 

713. Organic structures are produced through the agency of like 
structurS provipualv existing ^^ Tissues increas^ by mumplica^^ 
of die c31s of wbich^cy arecomposed ; cells arc multiplied by the 
resolution of existing (parent) cells into a more or less numerous 
progeny of cells. Individual plants arc multiplied by the sepriratioii 
of a portion of the substance of the parent plant endowed with a 
power of subsisting and developing itself independently. 

The origin of organic beings &om germs, ». c. more or less complex 
fragments detached from a parent plant or animal, endowed with a vital 
energy enabling them to reconstruct the entire organism, may be regarded 
as an undoubted fact, and it forms one of the most important of the diiler- 
ences between inorganic and organic bodies. As long as sulphur, oxygen, 
and hydrogen exist upon the earth, it will be possible for man to produce 
sulphuric acid; and if, in addition to these, ho have sodium, no may 
cause the production of crystals of sulphate of soda at will. But although 
chemical analysis tells us that the mycelium of a fungus, such as “ Yeast ” 
or the Vinegar-plant,” consists of oxygen, hydrogen, carbon, and nitro- 
gen, with smml propomons of some other elements, b^ no means known 
or likely to be mscoverod can we cause the reproduction of these forms 
of vegetation, except by having recourse to the germs of the plants, and 
setting them to work to reproduce themselves. This has been proved bj 
numerous careful experiments, and the idea of a spoataneofis generation of 
organic bodies is now exploded. The origin of each roecies of plant or 
animal must be regarded os the result of a distinct act of creation. When, 
through unfavourable circumstances, all the individuals and all the germs 
of a species are destroyed, that species disappears from the globe*. 

714. org^zation of planfa, is related by a soiies of laws 
which ci^Eit oifEorent degrees oi geher^ty. 

* Since the publication of the first edition of this work renewed interest has 
been given to this question owing to the controversy between M. Pasteur and M. 
Pou(£et and thdr respective adherents. The faeta and arguments adduced 
M. Pouehet go far in support of the doctrine of ** heterogeny,” and at any rate 
show that the above stat^ent is too sweeping in its character. The stpdent will 
do well to consider it tc^ a large extent an open question, and to remember 
that, wliidbever view may nltimatdy be adopted, the miracle remains the same. 
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715, The most ereneral hw of all is that under which protO" 
pla^c substai^e asBimilal;es iHor^ic br^ more^^rar^y, ori^^ 
matte^ and produces the closei^ celliilar sacs called vegetable < 
(f1533). This affects aU vegetable structure whatsoever. 


The Fungi and parasites live on organic matter ; and this is probably 
the cf^ Sb a great extent with cultivated plants grown with excess of 
organic manures. This will be referred to hereafter. 


716. One degree less general are the laws regulating the for ms of 

t he cellular sacs or coUs (§ 568). ^ 

These determine at the same time the specific form of the plant in the 
Unicellular Algm. 

717. Next follow the laws of development of the syondary de - 
‘ posits upon the walls o f the oellsT^ 579). which are valid throughout 
tEe whole Vegetable Kingdom, but more and more complex in the 
successively higher classes. 

718. The laws of combination of the cells into tissues (§ 614) are 
a little less general, the diversity incrcasnig bore again in proportion 
to the higher position of the species. 

716. The laws rcgulatmg the forms of organs are of very groat 
importance and interest ; and in those wo have to distinguish two 
aspects, or, it may be said, two coexistent series. 

720. The principal Classes of Plants (see p. 10) are characterifed 
by respectively possessing a peculiar type or plan of combination 
of the organs, having not only a morphological but a physiological 
speciality. The type, more or less recognizable, is a mark of the 
existence of a common law of oironization throughout each class. 

721. Witliin the limitsT oi the Classic exist almost im^te varieties 
of form, referable to morphological laws which have been investigated 
in the First Fart of this work. A complicated but graduated and 
interconnected body of laws was there shown to regula,^ the vaiir 
ations of forms in plants^eherall.Y. 

^^2. liastly, in tho dcsciipSon of the Natural Orders of plants, 
it will have been recognized that there are stUl more special laws of 
development, causing the existence of resemblyice in Imited grouTO 
of spemes l and, be^^nd this, eveiy species or kind of plant 
Eas lislorm and mode of life more or less definitely fixed and le- 
.^latod by its special law of organization. 

These refiections enable us to explain simply the terms higher and 
lower classes or species of plants. In the ProtococGUSj consisting of a 
simple cell, the specific law, that which determines the characteristic 
form, follows immediately on the first (§ 715) of those above indicated. 
In a Cmifermj the second and third (§§ 710, 717) are both involved; and 
the spemfic law at once succeeds these. Pr^eding step by step, we shall 
Imd species in which there is a diveredty of forms oi the cell and oi 
tissues (higher Alges) ; next, of these and an additional diversity of organc 
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(le^ Cr 3 n[>togainia) ; and then come into play the laws of the physio- 
logical and morphological lypes of combination of organs^ which are most 
complicated in the Flowering Plants, in the development of which, how- 
ever, from the original germ, or embryonal vesicle, we may trace, in a 
graduated series, the commencement of the operation of the successively 
less general laws of organization. 

723. Not only do different plants display great divftsities in 
structure and composition, but eachf individual plant offers more or 
less diverse characters at Afferent neriods oflife ‘ 


~ Plants commence their independent individual life in the form of 
a cell or a group of cells separated from a parent organism. In the 
lower plants such cells, once fully developed, as spores or gmidia, 
are capable, under suitabh; circumstances, of growing Up into complete 
plants. In the higher Classes these cells {emhiyorud vesicles^ or the 
primary cells of a leaf -hud) go through the earlier stuges of develop- 
ment connected with the parent organism, and are detached (as seeds 
or as hdhils^ &c,) already provided witli rudimentary organs of 
vegetation. 

724. lu those cases where the detached bodies are products of 
simple vegetative cell-dmsion, they often proceed at once to grow 
up into new plants (yonidia, zoospores\ but more frequently their 
vitality remains latent for a certain definite period (Indhils, spores of 
Mosses, Ferns, &c.) ; and when the body is a result of sexual repro- 
duction, it almost always remains for a more or less indefinite period 
(capable of being shortened or prolonged within certain limits by 
external causes) in a state of rest {seeds, resting-spores of Algos, &c.), 
and then undergoes peculiar internal changes before recommencing 
development {germination) in order to grow up into a new plant. 


Seeds and resting-spores (and to a less extent the resting-organs pro- 
duced in vegetative propagation, as hulhs, ttibers, &c.) are organized in a 
manner especially adapted to preserve the latent vitality from injury by 
external influences. They can withstand great variations of heat or cold, 
especially in the absence of moisture. Most seeds will bear a temperature 
very far below fieezing^oint if kept diy, and many will even bear an ex- 
posure to KXF or 110° Fahr. in diysand. Prolonged immersion in water 
at 120° kills most seeds, unless the skin is very thick and they contain 
oil instead of starch in the endosperm (§ 299). Some seeds will bear a 
short immersion in boiling water ( Vermied ) ; but the seeds of Cereals, 
^ans, Linseed, and other plants scarcely survive a 15 minutes’ soaking 
in water of IKP, while they will bear 140® in steam, and 17(P in dry air. 

Some seeds naturally lose their vitality very soon ; this is the case with 
the seeds of Coffea, Magnolia, &c. \ while other instances are related in 
whick^ii has been preserved for centuries. The cases related of the 
genail^OD of Wheat taken from Egyptian Mummies are perhaps doubt- 
fid Well-authenticated instances exist of long preservation. 

Ae-xesting-spores of Confervqids {ProtooocousfnoiVQ been revived after 
fesudning for years in herbaria; and it is in curious relation to their 
growth in shallow pools, often dry in summer, that the resting-spores of 
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these plants appear to require to he dried before they- will ^rminate. 
Mr. Mimby has recentl^r recorded (1869) that he found a bulb of a species 
of Nardmui sprouting in his herbarium after it hiid been gathered (in 
Algeria) upwards of twenty-two years. This bulb, removed into me 
greenhouse and potted, has since produced flowers. 

726. ^nts are subject to a periodicity in their vital phenomena, 
partly dependent on their own laws of growth, partly on the seasons 
in the climate whore they growf* As dependent on special laws may 
be noted the differences between annual, biennial, and perennial 
plants (properly so called), between deciduous-leaved and evergreen 
trees, &c. 

Annual plan ts are such as germinate from seed, produce their 
whole vegetable structure, flowers, fruit, and seed, and die away in 
one season, between spring and autumn; such are the summer 
annuals of our gardens. Bimnials sprout from seed in one season, 
and bloom, bear fruit and seed, ^utt die in the second ; the Turnip, 
Carrot, (Enothem biennis, &c. are examxdes of this. Perennial 
^ilantis exhibit several varieties of condition. Ilerhaceom yerennwls 
(like tlie Daisy, Primrose, Garden Plug, &c ) germinate in one 
season, and produce a subterraneous rhizome, of indefliiite duration, 
which annually sends up a flowering shoot or shoots. Other peren- 
nial plants of this kind form one shoot which vegetates uninter- 
ruptedly for many years before it flowers {Agave americana, Talipot 
Palm, &c.) ; and after ripening its seeds the stem dies down, leaving 
usually a number of offsets from the axils of its leaves {monocarpic 
perennials), 

^oodv perennials, trees and shrubs, usually vegetate for several 
years' beioro fao^ring, but are subject to periodic rest, throwing off 
their foliage and renewing it upon fresh shoots of the same stem every 
season ; and when they flower, the operation exhausts their accu- 
mulated powers of development so little that they continue to flower 
periodically (every season if in favourable condition) throughout life. 

The habit” assumed by plants depends in some degree on external 
conditions. Thus many of our g^den annuals are perennial in their 
native dimates ; for examnle, Ricinun (the Castor-oil plant), MiraMis, 
and other genera are annual herbs with us, but perennial and even woody 
in warmer dimate-s. Aivl some annuals may be made to vegetate for more 
than one season by removing the flower-buds as they appear; in this 
way gardeners produce the sb-ctilled Tree-mignonnette. The Winter- 
corn of agriculturists is really (fti annual plant, sown in autumn to obtain 
stronger growth, and is not speciflcally diflerent from Spring-corn, sown 
in spring and reaped in autumn. The common Cherry-tree retains its 
leaves during the whole year and becomes an evergreen in Ceylon ; and 
mmy similar instances of changed habil^ the result of altered condition, 
might be cited. 

For farther particulars respecting the duration of plants, refer to the 
Morphology of Stems, §§ 40-66. 
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726. Pew perennial plants retain their appendicular oigans be- 
yond certain definite periods. Ordinary deciduous* trees lose their 
leaves m autumn in our climate ; and previously to their fall their 
organs undergo internal changes, in which the assimilated matters 
are, for the most part, removed and thoir green colour altered. They 
are generally cast off by a regular fracture where they joil^the stem 
(§§ 77, 688) ; in the Oak, Beech, and other trees they die in autumn, 
but do not fall away at once, often itmaining, when not exposed to 
violent winds, until pushed off by the expansion of the stem in the 
next spring. Evergreen tre ps and shrubs retain their leaves green 
and living until the succeeding season, when the new leaf-buds ex- 
pand, as in the Oheriy-laurcl, Aaeiiba^ <kc. ; or, as in many Coni- 
fer», they remain attached to the stem for s^eral years (Araucaria 
imhricata^ Thuja, &c.). In some of these cases the so-called, leaves 
are probably foliaccous branches. The leaves of arborescent Mono- 
cotyledons (Palms) arc also qf long duration. The parts of fiowers 
and ripe fruits arc likewise cast off in most cases, although thg, fruits 
from which seeds have escaped sometimes remain long attached in a 
dead condition (Conifers). 

727. The a^s (with its branches) is the only permanent part of 
the plant ; and the unlimited duration of this is strictly ^pendent on 
^e development of leaf-buds (§ 106 et segq.). When a shoot ends in 
a 6lossom-bud, the growth of that branch of the axis is a]Te8ted,.and 
the prolongation of life depends either on the axillary leaf-buda 
situated below or an adventitious bud. 

728. The production of fiowers and fruit is an e^austing process ; 
it has jusi bWn’hoticeS (§ ^5) that annualsT in^ te made to iTve 
several years by preventing them from flowering. The arrest of 
growth of the large and highly developed axes of roonocarpic peren- 
nials (Agave, Talipot Palm, &c.) is a necessary consequence of the 
terminal bud producing blossom instead of leaves ; but the formation 
of propagative offsets from the leaf-axils before death is strictly 
dependent on the degree of vigour possessed by the main axis at the 
time of flowering. 

729. pie duration of herbaceous perennials m&j be regarded 
unlinaiteSj since ihey ^ always placed in iT^^tion t^ form ne 
aJSorjSog organs (roots) in the vicinity of their buds. The duration 

trees is also thyretically unlimited ; and in many cases ^a{ age is 
atii^ed r^iut ordinarily trees acquire increased vigour with age up to 
a certain point, and ^1. jn bogiu to ueyliuu, a circuvisbuico attributable 
to the increasing distance to which the buds are removed from the 
reots, the obstruction to the flow of sap, the local decay of the roots 
trunk from external injuries, &c. Cuttings from old trees, if 
tdeen from sound Bhoot§, may be made the foundation of new trees 
as vigorous as the parent were in their earlier years. 
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Palm-trees grow to an age of 200 years or more ; the Ihac(m€B (Dragon- 
trees) of Teneriffe have been known as old trees for centuries. Oaks, 
Jaimes, Cedars, Yews, &c. are known to have lived many centuries,* and 
other cases are on record of gigantic trees whose age, deuced irom the 
number of rings of growth of the stems, would amount to upwards of 
3000 yeai§. The BerihoUetim of Brazil, the Adamonm of Senegal, and 
the WeUingUmia or Sequoia t/igaidea of (California (363 feet high and 31 
feet in (liainetcjr at the base) are examples of this. 

730. In herbaceous perenni^ils the older parts of the plant die and 
decay in a limited period after the development of the new axes. In 
Dicotyledonous trees also, jthe older part, which is enclosed by the 
new layers, and becomes consolidated into heart-wood (§ 070), must 
be regard(;d as dead afjsr a certain period, ceasing oven to carry sap 
mechanically; and we see hollow trees of this Class living and grow-* 
ing, where the whole of the older part has been Idst by decay, a living 
shell of wood constituting the bond of connexion between the roots 
and the growing branches of the axis. 

This death of the older tissue is not so common in arborescent 
Monocotyledons ; but it is observed in Pandanns (fig. 9), where the 
base of the stem and the old roots decay, new (adventitious) roots 
sprouting out from the living part of the trunk, in a continual ad- 
vance upwards. 

The death of a plant or part of a plmit depends upon the-^^th of tlm 
ceils composing its rifeues. of the life of individual cells is 

very ditferent, according To their position and function. Cells situated at 
groV'ing-points (in buds, cambium-regions, tips of roots, &c.) are very 
transitory, since during active vegetation they are continually divided, as 
partait cells, into two or moi*e new cc'lls, part of which are left behind as 
jumnaneni ed/^, — ^those situated at the periphery, or most advanced point, 
becoming in turn the pareM cefls of a new generation. The permanent 
cells become parts of pai'encliyraatous, prosenchymatous, or vascular tis- 
sues in the vegetative organs, or parts ol reproductive structures in fiowers 
and fruits. Thus they run through a course of life dependent in each 
ease on the laws of development of the plant, accoixluig to which its 
organs have a shorter or longer duration. The dcatli of the or^n or tysue 
in which they exist results from the c^essaffon of tlie vrial acuMv of the 
cells ^corclinprto tlieselows ; and ^tiicir from flie noyT ^oppose^ 

^eraiibn bfampTo chei^caritorceg p 

731. The principal vital phenomena exhibited by plants are con- 
nected cither with the maintenance and increase of the individual 
organism, or with the production of special structures endowed with 
the power of growing up into now individuals when thrown off by 
the parent. 

We say the principal vital phenomena, because there are some which 
we cannot strictly aninn to belong to either of the above classes, although 
there can be but little doubt that they are in soipe way related; of these 
are the movements of plants like the Sensitive-^dants. the folding up of 
leaves or flowers, &c. 

2 B 5 
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732. The processes of vegetation, or growth of the individual, are, 
from the peculiar organization of vegetables, connected with the 
processes of reprodiustion, properly so called, by the phenomenon of 
multiplication or propagation through naturd or artificial separation 
of portions of the structure which might remgip and form branches 
of the parent stock. This vegetatwe propagation, distinct in important 
anatomical and physiological characters from seanial reproduction, is 
found in all classes of plants, and from its importance in relation to 
cultivation deserves separate consideration. 

The construction of plants from a number of like parts more or less 
physiologically independent allows of their being increased by mrichanical 
subdivision of the parent “ stock,” winch is efieG||jid by making cuttings &c. 
The same occurs in the propagation of plants by bulbs, tubers, &c. (§ 46 
et seqq ). Through the abstract consideration of theses cases have arisen 
some curious discussions as to the propcjr application of the term “ indivi- 
dual ” in plants. It is not worth while to enter into these nice metaphy- 
sical points ; for practical purposes it is most convenient to reg^ as an 
individual every vegetable hoay possessing all the organs necessary for 
life, the parts of which, however numerous and trequently repeated they 
be, are organically coherent and have a definite collective form : thus wc 
should regard the Oak-troe as an individunl, and in like manner the colony 
of simple cells associated in the thalliis of Pedkmlrum (fig. 402, B, a). 


'■ 733. The Vegetative processes of plants are divisible under several 
heads, which, however, present many jioints of interconnexion. 

Nutrition, properly so called, can only bo said to go on in the pro- 
toplasmic matters found in the interior of cells, since it is these sub- 
st^ces alone that exhibit phenomena of consumption and reparation. 
The tissues of plants are, under ordinary circumstances, never re- 
newed; the only changes which they undergo are stages of pro- 
gressive development of growth, succeeded sooner or later by 
decomposition. 

Development or organization constitutes the most striking mani- 
festation of the vegetative action ; but this is a final result, prepared 
from, and incessantly accompanied by, phenomena which are re- 
sults ehiefiy of the regulated action of physical and chemical forces. 

The subsidiary operations of vegetation are — ahsorotion of food, dif - 
fusion or transmis^n of fluid through the organic structure, 
tofeW oflibsoiteA m^er ial^ and, intimately connected with tins, ^e 
SD-called r^lration ^ ^ i^ transpiration. Secretion is more nearly 
related io^^eUtpmmt tha^ to tne pro^sses Jusi enumerated. The 
relations of many of the secretions of plants are very obscure. 
Stai^, chlorophyll, fixed oils, sugar, &o. ore of course (§§ 602-608) 
in^fettdy connected with the vegetative growth ; but wo have no 
oTue to the importance, as regards the plwt, of the essential oils, 
xeedns, alkaloids, &c. * 




CEXiX<*Zi IFIS t 


551 


ficationB conneofced with the peculiar conditions of organization in 
the different Classes ; and there are some important considerations 
connected with the contrasts existing botween the results of this and 
of sexual reproduction. 

735. The SexualA^rodmtion of plants offers a series of pheno- 
mena of much interew when viewed comparatively through the dif- 
ferent great Classes ; and the phenomena of Ht/hrUlisation and the 
influence of sexual reproduction in the maintenance of specific cha- 
racters require especial notice from the vegetable physiologist. 

As the Veg(!tative propagation is a process of vegetative life trenching 
on the region of reproduction, so many of tht> phenomena accompanying 
sexual rt)productiou ore^properly ^special vegetative actions induced by 
peculiar stimuli ; among these arc the phenomena of ripening of fruits and 
imorauges, the evolution of heat from flowers, the irritable movements of 
noral organs, &c. ' These and some otkiir undassed phenomena will be 
most conveniently examined apait. In the succeeding Chapters on Phy- 
siology we shall examine separately : — 1, the processes of Vegetation ; 
2, the phenomena of vegetative Propagation ; 8, the physiology of sexual 
lleproduction ; and, 4, various undassed phenomena met wito in a more 
or less limited range of coses of vegetable life. 


CHAPTER IV. 

PHYSIOLOGY OF VEGETATION. 

Sect* 1* Csll-Liee. 

Movements of the Protoplasm 

736. Intimately connected with the early history of the protoplasm 
of the cell (§ 596) are certain physiological phenomena of the con- 
tents of individutd cells, which will bo most conveniently described 
here. 

Haring the time when the protoplasmic content^ of young cells 
are becoming gradually hollowed out into spaces filled with watery 
cell-sap (§ 599), a regular ihovement of this protoplasm takes place, 
which may be observed very readily in young hairs, of Phanerogamic 
plants (fig. 497), and which probably takes place in an early stage in all 
other structures. TMs movement, which is erroneously called rotate 
pf the is a oiroulatory movement of protoplasm made per- 

^ptlble by the mi^te opaque g^n^es whi^ exist in the colourless 
fluid. The nudeus is iiso carried i^owly along in this movement. 
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of cords, has the appearance of a system of 
reticular currents (fig. 538). This movement 
of the tffotop^m ceases in most cells berore 
tbey faii-grow ; but in many aquaiac 
plants^ ^en of the class Phanerogamia, the 
protoplasm does not become excavated in 
the same way as it does in the cells of hairs 
&c., but applies itself as a thickish layer 
upon the inside of the cell-walls, and, 
retaining its activity, performs a rotatory 
movement around the wall of the cell per- 
manently. In Qhara, the moving layer of 
protoplasm is not applied upon the ceU-wall : 
the primordial utricle, with the ehlorophyll- 
coipuscles imbedded in it, lies on the cell- 
wall motionless ; and a thick mucilaginous 
layer, situated between this and the central 
cavity filledwith watery cell-sap, continually 
circulates. 


Fig. 638. 



Two aoparont jointTbf a hair 
of tae stanion of Tmihf- 
with nuclei and rcli- 
ouiated currents of proto- 
plasm. Mag. 250 diaiii. 


The circulation in reticulated currents is most easily observed in young 
hivrs of the higher plants. The movement of the parietal layer of proto- 
plasm is made very visible in the leaves of VaUisneria by the green chlo- 
rophyll-co^uscles imbedded in it; and it may be well seen in Anachxm^ 
in the delicate tissues of Hydrticharisy StraUotes, &c. It occurs in the 
rootlets and other parts, as well as in the leaves. The phenomenon is 
most strikingly shown in the Characem, especially in the NiteUaty which 
live simpler and hence more transparent forms. 

This movement is only afiected hy substances that injure the healthy 
condition of the stnicture, such as chemical agents producing bursting or 
solution of the tissue, heat sufficient to cause coagulation or solution of 
contents, &c. In Chara^ the large cells may be tied across, and yet tho 
circulation be set up again in each of the chambers thus formed. Elec- 
trical currents do not afiect it. 

The movements in the protoplasm are attributed to various causes,, such 
as contraction of certain portions of it, varying degrees of imbibition in 
different portions of the mass, the alternations in this wise giving rise to 
the currents.^ In many cases it has been definitely proved that the move- 
ment of the jiiic^ in which chlorophyll-granules are contained is directly 
dependent on the agency of light, especially of the more highly refrangible 
* rays of tho spectrum. *Under the infiuence of diffused light the chloro- 
phyli-gnmules range themselves parallel to the surface ; hut under that of 
diKct light they aie disposed on tho lateral walls of the oeUs. 


787. JiAalogons to the rotation of ^protoplasm is the movement 
of the zoosmr es ^ha ftrjd the cUiat^ sper^ 

^ ^herJGrvptoi|ramia^a^^ ^e AiTO. ^ 

^ ZodB^res are formed by the" contents of vearetative cells becoming 
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isolated from i^LO ccll-wall, and individualized into one {(Edogonium^ 
fig. 635), a few {Ulva, Uloikrix^ &c.), or numerous {Cladophora^ 
fig. 465, G, and Phasosporeas) corpuscles, which break out from the 
parent sac, and when free are seen to be provided with vibratHe cilia 
(2, 4, or many), and to swim about actively for a period of from half 
an. hour to several hours, then to settle down, become encysted by a 
cellulose membrane, renssume the characters of ordinary vegetable 
cells, and grow up into new plants by cell-division. 

It has been observed that those zoospores with cilia at one end 
direct that extremity (which is destitute of chlorophyll) towards the 
light ; and, moreover, the locomotion of these bodies is accompanied 
by a movement of rotation on their own axis. 

' Snermatozoids are filiform bodies of various forms, mostly presenting 
one or more spiral curves, or minute globules, and usually famished 
with vibratilc cilia. Tliey are formed by a metamorphosis of the 
protoplasmic matter of cells developed for the purpose in the antho- 
ridia of the Cryptogamia. They arc extremely minute, but move 
very actively when th(^y escape from their i)arcnt cells, continuing to 
swim about for some time, being destincjd to find their way to the 
sirchegonium (or to the spores in Alga)), to perform the fertilization 
of the germ-cell. Many, however, never reach this, and they 
gradujdly dissolve away. • 

In the VolvocinojD (fig. 402, n), the sepamte primordial utricles lie im- 
bechled in a common enyelope, without a membranous cell-coat, retaining 
tlieir vibratile cilia threfughout life, only becoming encysted and formed 
■ into proper vegetable cells when converted into resting-spores. In the 
intimate affinity between these productions and the Protezoa, or lower 
Infusoriaft^inialcules, we perceive the close bond which exists between 
animal and vegetable organization when reduced to its lowest terms. 

738. As long as a cell retains its active protoplasm, it is capable 
of pro d ucrng imw' cells and organized forms of jtssi^^ mattery 
like starch and chlorophyll^ in ite contents. This is the case, of 
course, in all nas^iit tissues ;l)ut it ceases to be so at various 
periods in diflere^jj^t parts of the vegetable organization. In all woody 
tissues, in all pitted and spiral -fibrous cells, it disappears early, 
the secondary deposits of the ligneous character being formed ap- 
parently from the watery ccU-sap. In herbaceous organs, such as 
loaves, in the cells of the Cellular plants generally, in fact in all , 
the properly living structures, the protoplasm remains. 

This explidns why the power to form adventitious buds exists not only 
in the cambium-layer of the higher plants, but, under certain conditions, 
even in the leaves (as in JSryophyUum, Ghxmiaf Ac.), and why genimon 
Hon or propagation by little cellular bulbils, or isolated cells detached 
Jrom the vegetative organs, is so common amo^g the Cellular plants, and 
in the Mosses and Liverworts, where parenchymatous tissues so greatly 
predominate. 
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Nutrition in Cellular Plants, 

739. The elementary structures being essentially alike throughout 
the Vegetable Kingdom, and the physiological phenomena of vege- 
tation depending almost entirely upon uroco^^ t^in^ilaco 
indl^um colls. It is very instructive to examine the ^onomcna^ 
nutrition and growtli in those simply organized plants in which we 
are able to observe directly the changes in the living eeUs. 

Many cellular aquatic plants are especially adapted for these researches, 
from their simple structure, transparency, and their aquatic habit, which 
permit us to keep them in a growing condition in glai» cells beneath the 
microscope. 

740. What is called the “Yeast-plant ” consists of a particular form 
of the vegetable structure {mycelmm) of a Kungus (fig. 468, A). It is 
composed of simple cells, which wOl go on multiplying by budding 
for an indefinite time if placed in a ^liquid containing a mixture of 
saccharine ordextrinous substances, together with albuminous matters, 
at a moderately warm temperature (59®~67®F.). These cells are 
simple membranous vesicles, with their walls formed of a' modifica- 
tion of the compound (cellulose) of which aU vegetable oell-membranes 
are" formed. Within the cells exist nitrogenous matter in the con- 
dition of protoplasm (§ 597). The incrcaso of the plant is dependent 
on the assimilation of substance requisite for the production of new 
cell-membranes, and of other substances to furnish new nitrogenous 
contents. When no material for forming cellulose exists, the plant 
cannot grow ; but in solution of pure sugar, iti the abseq^p of any 
nitrogenous substance, the plant will multiply its cells for a certain 
time, the protoplasm of the old cells being transferred into the 
new ones as they are successively evolved. But under these latter 
circumstances the cells become gradually smaller, and at length 
cease to multiply^ a portion of the nitrogenous matter being wasted 
in the reproduction until it becomes insufficient to carry on the 
growth. 

On the other hand, if sufficient nitrogenous matter exists, the 
fermentation goes on, accompanied by the production of a more 
developed form of the myedium, consisting of elongated interwoven 
filaments (the so-called Vinegar-plant) ; and development of this 
continues, if not interfered with, until the liquid consists of little 
else but pure water. The final form is the so-called “ mother ” of 
vinegax^ which destroys the acetic acid. 

. 741^The succession of phenomena here exhibited is connected 
with a series of chemical changes which are probably somewhat as 
follows. The whole of the processes are accompanied evolution 
of darbonic add (carbonic dioxide). The earlier growtHr can go on 
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without access pf oxygen, as is evident from the formentation pro- 
ceeding in large vats with a stratum of carbonic acid several feet 
thick over the surface of the liquid ; the growth in the latter stages 
takes place most freely with access of air. The original liquid con- 
tains grape-sugar (glucose), or dextrine, and nitrogenous matters. 
The action of the protoplasmic matter of the yeast decomposes a por- 
tion of this, forming ccll-membranos. The chemical action here set 
up disturbs the combination in the rest of the sugar, which loses 
carbonic acid and becomes alcohol. If the growth of the Fungus 
continues, the alcohol becomes decomposed (seemingly by contact- 
action again), absorbs oxygen from the atmosphere, and becomes 
acetic acid. 

It is not clear in most cases to what extent the Fungus is nourished 
on the alcohol, or on the saccharine or dexirinous matters mixed with 
the alcohol. To form cell-membrane from alcohol would require the 
absorption of a large quantity of oxygen, and the formation of much, 
acetic’ acid and water. The growth of the Vinegar-plant in solution 
of sugar, then, would appear to cause simple liberation of water; 
while the contact-action in like manner decomposes the sugar into 
acetic acid. The ‘‘mother of vinegar’’ finally is developed at the 
expense of acetic acid, with separation of water. 

The processes here briefly described cannot be disregarded when 
we inquire into the mode in which plants generally take up their 
food. Not only do the Fungi all feed in this way — as, for instance, 
the Dry-rot (Mendius)*, which lives on the dead substance of timber, 
or the parasites hko Pucdnice, the Potato-fiingus, &c,, which send 
their my^liuni into %e tissues of living plants to feed upon their 
juices — but the same laws evidently regulate the nutrition of the 
colourless parasites, such as Orobandiaceee (page 332), and the llhi- 
zanthous plants (page 360). 

742. Following out this trtiin of reasoning, we are irresistibly led 
to the conclusion that the same processes may occur in all plants 
under particular circumstances, ^though not absolutely necessary 
except at certain* stages of growth. 

In germination, doubtless the decomx)osition of the store of starch 
&c., with evolution of carbonic acid, during the recommencement of 
cell-development, is a phenomenon essentially similar to the develop- 
ment of the Ycast-plant. And we cannot find any reason to suppose 
that the roots of plants, which absorb all substances indifferently, 
can refuse to take up organic matters existing in a state of solution 
in the soil. The extent to which growth may be stimulated, with- 
out access of light, by profiiso suxiplies of organic food, is strikingly 
illustrated by the many succulent vegetables cultivated for me 
table, such as Sea-kale, Celery, forced eai^y Khubarb, &c. And 
the tissuedlbf the plants thus grown have exactly that weak, suc^ 
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culent character which is so striking in most leafless parasitic plants 
and Fungi. 

Further applications of these &ct8 will he dwelt on in the succeeding 
Sections. 

743. In the above remarks we have considered only cases where 
Cellular plants appear to derive the material, both for their cellulose 
structures and their protoplasm, from organic substances, absorbed 
as such. By far the most striMng phenomeim of vegetative life are 
those in wmch mprganic matters are assimilated, and~ the goseous'^ 
and^liqiiid constituents of the atmosphere ana soif supply the requi- 
site food. 

If all plants required organic food, the organized substance upon the 
globe must continually decrease, since, as we have just seen, those which 
do live upon organic matter waste this through decomposition by contact^ 
cuAion, But the organic matter of soils upon which plants ^ow and 
decay in successive crops, undergoes continual increase, as we observe in 
the accumulation of vegetable-mould on undisturbed grass plains «nd in 
forests where the ddbris (fallen leaves, underwood, &c.) is not removed. 

744. The majority of plants feed upon water, carbonic acid, and 
ammonia (and perhaps other nitrogenous coxnpounds), with small 
quantities of various other elements, such as sulphur, phosphorus, 
and the salts of lime, potash, &c. Such plants can only flourish 
under the influence of light ; and under this influence they produce, 
from the above materials, now cellulose t&c. and protoplasmic 
matter. The assimilation is in such coses, os a general rule, accom- 
panied by the assumption of a green colour, from the formation of 
chlorophyll. 

Exceptions to the last assertion appear to exist in the red, olive, and 
other peculiarly coloured Algm, in wnich no chlorophyll is produced ; 
but we ore totally ignorant of the processes which go on in the vegetation 
of these plants. 

745. The history of tho changes which take place in the cell- 
contents of the green Conforvoid Algro (fig. 465), which we are able 
to observe to a certain extent beneath the microscope, affords some 
material toward the comprehension of the processes which have their 
seat in the green ports of the higher plants. 

We observe in the elongating apical or branching cells of the 
Conforvoids, that the contents of the recent parts (as in tho upper 
half of the dividing-cell of (Edogonivm are chiefly composed of 
colourless protoplasm, with watery cell-sap. Under the influence of 
light, green chlorophyll-corpuscles become more and more abundant ; 
and under favourable circumstances of light ike. (accompanied by 
libe^tion of oxygen gas) the chlorophyU-corpuscles soon present 
starch-granules in the* interior, which multiply and increase con- 
siderably in size. This formation of starch occurs chidl^ after the 




cell has attained its fiiU growth, and may be regarded as a continxi- 
ation of the prqpess which produced the cellulose of the cell-wall, 
now no longer required for the purposes of the individual cell, the 
contents of which, however, proceed with their assimilative action. 
After a time the cell prepares for propagation, or reproduction. Then 
the starch-granules disappear, apparently by solution into dextrinous 
or analogous matter requisite for the development of new cell- 
membrane, which soon takes place, either in cell-division (§ 694), or, 
if the primordial utricle is discharged from the parent cell in the 
foim of zoospores (§ 698), in the formation of the cell-membranes of 
these bodies after they have come to rest. 

Where resting-spores are to be formed, different changes ensue 
after the solution of the accumulated starch. The new cell, intended 
to remain in a quiescent condition, becomes coated by a cellulose 
membrane, or often two distinct concentric coats ; and, at the same 
time, that portion of the contents consisting of dextrinous or ana- 
logous matter which has not been consumed in forming coU-mcm- 
brane oecomes converted into fixed oily the green colour disappears, 
and the contents assume a red or brown colour, and external stimuli 
(light &c.) produce no influence. When those bodies germinate 
(which usuj^y only occurs alter they have been dried up and are 
again placed in water), the chlorophyll gradually reappears and the 
oil vanishes, and the entire course is run tlirough again. * 

Comparing these phenomena with what we observe in the higher 
plants, we notice the similarity as regards the production of chlorophyll 
in the leaves, followed by the appearance of starch-granules as a form of 
accumulated nutriment. But the functions being more localized as the 
organization is more coipplicated, the starch thus formed is subsequently 
dissolved, and is carried away to the growing tissues of the plant, to the 
buds, cambium-region, and roots, where it is laid up in autumn, very 
often in this same form, but not unfrequently in the condition of fixed 
oil, as in the rhizomes of Cjfpermy of Lastrxa FUix^mas, &c., and, above 
all, in structures which, lilce the rediny-spores above mentioned, are to 
remain quiescent while exposed to considerable diversity of external con- 
ditions, namely in seeds, as in the cotvledqns of CiuciferaB, Almonds, Nuts, 
Walnuts, &c., or in the albumen of floppies, Eu{lhorbiacem, &c. 

The oil (or starch in other cases) stored up in the seeds and rhizomes 
undergoes decomposition and solution in germination, to supply material 
for the cell-membranes of the nascent plimt until the roots nave become 
sufliciently developed to provide for it. 

We have at preset no ven satisfactory^ evidence of the kind here 
brought forward to indicate the mode in which the nitrogenous matters, 
necessary for the formation of new protoplasm, are taken up. The ques- 
tion of we assimilation of nitrogenous matters will be considered in the 
following section, on the Food of plants. 
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Sect. 2. Food of Plaihs. 

746. The first step in the investigation of this subject is lcT 
ascertain what substances enter into the composition of vegetable 
structures and juices. 

Analyses of plants have demonstrated the existence of the 
following chemical elements in plants : — Oxygen (0), Hy&ogeii'{H)r 
Carbon (C), Nitrogen (N), Chlorine (d), Bromine (Br)/l6&ne (I^ 
Fluorine (F), Sulphur (S), Phosphorus (Pj, Silicon (Si), Potassium 
(K), Sodium (Na), Calcium (Ca), Magnesium (Mg), Aluminium (Al), 
Manganium (Mn), Iron (Fe), Zinc (Zn), Copper (Cu), Titanium (Ti), 
Arsenic (As), Lithium (li), Eubidium (Eb), Ctjcsium (Cm), and 
Barium (Ba). 

AU of these, however, do not exist in every vegetable substance ; 
the first libur are univcrsallv present^ while a ly riectly heflthy c^ - 
^laon cannot ¥e as8uro5[ uj^^ si^phur, potasaum, ciuciuinVma 
Mim7iron, and phosphorus aie also pre^ht^ ^ somol;ime or othOT. 

747r Witt tne eiMcption of thdse elements are not taEen 

up by plants in a simple form ; and none of them exist as such in 
vegetable substances. The compounds of the different elements differ 
much in the proportion in which they exist. Water (HO or H^O) 
may form 90 to 95 per cent. Of the dry substance, compounds of 
carbon, hydrogen, and oxygen (C H 0) may form 60 per cent. ; the 
alkalies, earths, and metallic oxides commo^y form 1 to 4 j)er cent., 
in rare cases as much as 20 per cent. 

748. The great mass of all plants is composed of the first four 
elements in the list : — the solid partSy of compounds of carbon, hy- 
drogen^ and oxygen ; Ae protoplasmo c^^efetents f^~59t) of 

Sulphur^ and phosphorus appear to ^^ecess^aiy constituents also In 
the protoplasmic compounds ; the alkalies and earths are^ in most 
cases, requisite in the processes of elaboration, but may^lhi many 
cases, be substituted for one another (perhaps m certain cases may 
bo replaced by ammqpia); chlorine is necessary in many plants. 
Iodine and bromine ore met with, particularly in marine plants ; but 
it is not clear whether their presence is necessary, or merdy an inevi- 
table result of the absorption of sea-water. Iron and manganese are 
met with very commonly, copper and zinc more rarely; silicon abounds 
in certmn Orders (Grasses, EquisetaoM), and is met with in many 
plants in smaller proportions. The most necessary ingredients for 
the due nutrition of the plant are, in various proportions according to 
circumstances, a nitrate or an ammonia salt, a salt of potash, soda, 
lime, magnesia, and iron. 

^ 749. We have stated that (green) plants in general acquire their 
nitrogenous food by their roots (firom the nitrates of the soil), and 
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their carbonaceous food by their leaves. The sources- of the food are 
therefore the soii and atmosphere in wl^h plants grow ; and fSe . 
inquiry presents itsetf at once as^o fh^ fbfhi in wMchlhe food is 
supplied to and taken up by plants. 

On the one hand, we know that plants can abB_orb substanoesonly 
in a liquid or gaseous form 765,^86); onlhc^tliCT, wo know 
that bothTthe atoosugierc and the soil contain carbonic acid, water j , 
yd vanous nitro^en^ compounds s in the latter. The alk^ 
lies, earths7 &c. eis^ only in tte 7oiI, an3ln more or less abundance 
and more or less soluble forms in different cases. 

Observation teaches us that the simpler plants, such as the Pal- 
mellcoD, Lichens, many Mosses, &c., can grow upon bare rocks or 
stones, and obtain their carbon, hydrogen, oxygen, and nitrogen 
from the atmosphere alone ; and experiment shows that these are 
supplied in the form of carbonic acid, water, and ‘ammonia ; the sub- 
stratum here supplies only the small proportion of mineral substance 
that is^i'equired. Moreover it is possible to grow a plant to maturity, 
and even to make it ripen its sei^, in distilled water containing in 
solution only the ash-elements of aquatic plants, such as Confervas 
&c. Similar growth may be obtained by growing a plant in a watery 
solution of the necessary mineral ingr^ients of the plant, together 
with a nitrate or on ammonia salt, the excess of carbon in those casps 
being derived from the air. 

Piirther, it is observed that, if a vegetation of this b'nd goes on 
undisturbed for a lengthened period, the decay of successive gene- 
rations of plants leads to accumulation of organic substance, of vege- 
table mould, the material of which has been derivej^ from the atmo- 
sphere by the plants, Ibut has not been comumed!, i, e, decomposed 
ioto its original forms of carbonic acid &c., by them and their suc- 
cessors. 

|>om these facts it has been concluded, in the first place, and truly, 
thaTgreen plants lave the ;^wer of feeding upon inorganic sui^ 
stances, and fixing them in definite organic compounds ; secondly, 
but with less justice, that this is the universal law of vegetable nu- 
trition — ^that plants live exclusively on inorganic substances, which 
they convert into organic matters unfit for’ their own use, and 
only assimilable after a new decomposition. In regard to certain 
plants this last assertion is alto^ther inadmissible, namely the 
Jhingi and, above all, the col^iffless parasites (§ 741) ; and not only 
is it contradicted by the phenomena of their life, but it is opposed 
to the universal experience derived from observation of the culti- 
vation of plants. Lastly, we know of no cause why plants should 
T^uxe to absorb organic substances presented to* them in a state of 
solution favourable to endosmotic action in the roots. 

It is very true that many even of the higher plants will grow upon soil 
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almoi^ destitute, of organic matters, os we see on sandy heaths &c. ; but 
the hind of vegetation which characterizes such soils is very different from 
that which clothes land covered with vegetable mould. And the influence 
of manures in ^riculture must be attributed in a great measure to the 
extenfflve aid afforded to the plant in the shape of additional supplies of 
pigadSic matters, which bear a kind of compound interest, since the in- 
creased growth they produce gives increasecf power of independent assi- 
milative action. 

750. Spontaneous vegfotation is nourished principallv by carbon ic 

acid an J ammonia alwavs existinq in sufficient uropOTtions in lEe 
atmosphere, llio foimer substanco is taken up by the leaves ; and 
me latter is also probably absorbed by the aerial organs of plants, 
since the lowest kinds have no roots ; but the principS to the 

high er plants seei^ to be furnished threugh m^ soU, whi 
ammonia oissenv^ in ram and dew, ani, where porous, absorbs it 
greedily. 

751. Plants growing upon soil abounding in decaying vegetable 

and animal matters are doubtless supplied with part of their food 
from these sources. Ammonia is a constant product of decomposi- 
tion of animal substance, carbonic acid of this and vegetable matter. 
But from the researches of Mulder it would appear very probable 
that the old vegetable matters may pass into the living plants with- 
out undergoing decomposition into carbonic acid and water. The 
black decaying matter of vegetable ori^n, called is decomposed 

in the soil into a series of organic acids, of wMch me last members 
possess much affinity for ammonia, and form both with it and the 
alkalies soluble salts, which may be absorbed as such by the 
roots. In favour of such a view is the fact that carbonate of 
ammonia (decomposable by crenic and apocrenic acids) appears in 
many cases hurtful when applied directly to the roots of plmts. In 
addition to the tendency of these organic acids to attract ammonia, 
they seem to be capable even of causing its production in the 
soil, since, in the progressivo oxidation of humus taking place at the 
expense of water (H/)), the hydrogen of the latter possibly oom^ 
bines in its nascent state with the nitrogen of the atmosphere to 
form ammonia. 

It has been common in recent works to find the value of humous or 
carbonaceous matters in the soil estimated very low ; they have been re- 
galed either as merely imj^ving the (physically) absorbent power of 
soils, or as sources of carbonic acid, already sufficiently provided the 
atmosphere. But the above observations, home out by the experiments 
in Turni^growing by Lawes and Qilberti'm in favour of a higher esti- 
mate of the value of decaying carbonaceous matters, and of regarding them 
as important constituents of famyard-manures for.certiun purposes. 
Lawes and Gilbert found that stimulating nitrogenous manures in excess 
were rather detrimentsi to the growth of turnips, leaf-formation going 
on at the expense of the roots ^ but this was counteracted in a great mea- 
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sure by supplying, with the nitrogenous manures, carbon^ous substoces 
in considerable proportion. 

752. Certain obsenrations made by Yillo appear to indicated powmr 
in liying* plants to fix nitrogen from atmospheric air ; but tiiis is 
negatived by Boussingault^Lawes and Gilbert, Pugh, and others. That 
ammonia is not absolutely necessary for the nitrogenous food of 
plants is distinctly indicated by the effect of nitrates as manures, 
rivalling that of ssdts of ammonia. Moreover it has been stated re- 
cently &at ozone (a peculiar condition of oxygen) converts ammonia 
into nitrous acid ; and thcro is reason to suppose that the ozone con- 
dition of oxygen is produced in certain cases in the liberation pf that 
element by plants. 

, 763. We may sum up briefly what appear to be the most proba- 
ble hypotheses respecting the acquisition of the four principal elements 
(C, H, 0, N) of the food of plants. 

1. The ceU-contents of plants, when they contain protoplasm, are 
capable of assimilating nitrogenous matters in the form of com- 
pounds of ammonia or nitrates. 

2. Protoplasmic matters are capable of assimilating organic ternary 
compounds, without the aid of light, in the form of dextrinous 
or saccharine substances (Fungi), and in the form of compounds 
of the organic acids of the soil (crcnic and apocrenic acids) with 
ammonia a^ alkalies. This action is accompanied by contact- 
action alsc^ decomposing and wasting the organic mutter 
(§ 741 ), when it goes^ on in Fungi or in other plants in the dark 
(germinating seeds, blanched vegetables, &c.). 

3. Protoplasmic matters, in all plants except Fungi (and perhaps 
some Algffi), are capable of decomposing carbonic acid when 
exposed toBuolight, the carbon entering into union with the 
elements 01 water to fotm the ternary compound, C H 0 
(dextrine, sugar, cellulose, starch, &c.). 

764. For them mineral food^ plants are of co^se chiefly de pendemt 
on the soil in which ^v ctow . The gradual decomposition of rocEs 
tumislieB the earthy ^d ali^iinc constituents, which must vary on 
different formations or according to diluvial actions. Marine plants 
naturally accumulate many of the mineral elements of sea- water ; 
and plants growing near tlie sea derive a certain amount of the salts 
of sea-water from the atmosphere, brought by the w'inds ; the salt 
spray is shown to be carried great distances by its being injurious 
and destructive to many kinds of plants growing exposed to sea- 
winds. 

Sect 3. Abbobptxox. 

765. Since the lower plants consist of closed cells, in the interior 
of which t)ieir vitalized substance resides, and’ the membrane of their 
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cells, SO far as our investigations can readi, is, in general, destitute 
of orifices, the food of these plants can only be taken up in a liquid 
or gaseous condition by the still mysterious process of imbibi- 
tion. 

756. In plants of more complex organization, although loose 
parenchymatous tissues exist, and the interspaces (§ 616) become 
concerned in at least secretioyi, the external surface of the plant, 
by which food must penetrate, is carefully guarded by a continuous 
epidermis, entirely devoid of orifices in the roots, the principal ab- 
sorbing organs ; and though perforated by stomatal orifices in the 
leaves and other aciial organs, these arc carefully guarded by special 
contrivances to prevent the entrance of solid matter, and in all cases 
lead merely to intercellular passages, external to the membranes of 
the vegetative cells. 

In the Fungi, Lichens, and Algm absorption appears to take place 
freely at all points of the thallus to which gases and liquids have 
access. The structures of Mosses, Hepatiem, and the smaller mem- 
bers of the higher groups of Cryptogams are likewise so mmply 
cellular that they aiq)ear to be little dependent on root-stioKstures. 

In the higher Cryptogamia and the Phancrogamia the absorption 
of liquids appears to be confined to the roots, the epidermis of the 
leaves &c. being so organized as to oppose the entrance of water, 
while the stomatal cells which guard its orifices, swelling up so as to 
close the slit between them when filled with fluid, Concur to prevent’ 
the absorption of water or other liquid. Gases, however, penetrate 
freely through most cell-membranes, and hence may be absorbed by 
leaves, and can pass freely through the stomata into the intercellular 
passages. 

757. The physical phenomena of diffusiony jxA. osw^garc the most 
important agents in the acquisition,^y tW ceU-ciMinIX of material 
from without. These phenomena depend, first, on adhesion of the 
liquid to the solid, and then on any qircumstances which cause move- 
ment in the molecules of the liquid. 

We may say, in general terms, .that when two liquids of different den- 
sities (the one " ccimdal ” or little difiusible, the other " or 

greatly diftnsibl^ are separated by a membrane or other porous subs&ice, 
the denser liquidf becomes increased in bulk by the passage of the iSiinner 
liquid into it through the membrane. This rule is indeed subject to mo- 
dim»itions, dependent upon other qualities besides density of the liquids, 
sudb as their molecular relations to the substance of the separating mem- 
brane, the molecular nature of the membrane itself, &c., since, of two 
difier^t liquids, that which is more readily imbibed by the membrane 
passes through in a preponderating curremt. 

When we place simple vegetable cells with flexible cell-membranes, 
suen as many poUen-gyains, yeast-glolmles. &c., in water, their denser 
cdl-contents absorb water and the oeli-wall expands, sometimes even 
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bursts. On the other hand, -placedL in strong solutions of sugar or gum, 
such cells will lose part of their contents and shrink. But these simple 
experiments are net sui&cicnt to indicate what takes place in the cells of 
tissues filled with living protoplasmic matters ; for very frequently, when 
we place such cells in liquids differing in density from their contents, there 
ensue successive changes of condition, which must also be. involved in 
many natural processes. Thus, if we place in water a fragment of ceUular ^ 
tissue from the region where pollen-grains are being developed in the 
anther, or spores in sporanges, water is absorbed through the cellulose . 
coat, but the primordial utricle contracts; but when the water pene- 
trates the latter, it swells again and sometimes expands beyond its 
original volume, bursting the ceU-membrane when this is weak. 

The presenct? of a membranous or porous septum is not essential to such 
a process of filtration and admixture as above described. Two liquids of 
diiierent densities placed in contact will gradually mix b^ the attractive 
force that the one exerts on the other. This lif/utd (b;ffwsim depends 
materially in amoimt on the nature of the liquids — colloid or crystalloid, 
as the case may be. 

758. The recognition of eiulosmose as the cause of the absorption 
of liquids by the young roots and root-hairs affords some explanation 
of the apparcjitly contradictory phenomena which have been de- 
scribed ^ ’ those who have experimented with a view to ascertain 
whether plants have any sehirtln^-power. It has been shown that 
there exist some very comple.<v circumbiances of purely physical 
nature i' ondosmotic processes, and that simple density of liquidsris 
by no mtt ^ the only impurtant point — alkaline, acid, or neutral con- 
ditions of mineral salts .using special peculi^ities, dependent on 
chemicii- ..nd molecular relntions to the membrane or porous inter- 
posed suDstance, and in other cAses on chemical actions taking place 
on one or the other side of the membrane. 

Some writers assert that tbe roots of plants absorb all substances in- 
diflbrentiy ; and tbe experiments of Vogel and others appear to bear this 
out. But, not to mention that the ashes of different plants grown in the 
same soil have dififorent composition, Trinchinetti has shown that differ- 
ent salts are absorbed in difiereut proportions from mixed solutions ; and 
in De Saussure’s experiments hving roots absorlxid differently from 
diseased or dead ones. 

^ Such phenomena as tiiese, however, may be explicable on purely phy- 
sical principles. It has been proved that different chemical salts exhibit 
unlike quantitative phenomena in passing through dead endosmotic sub- 
stances; and thus even from mixed nuids one salt might pass more readily 
into a cell than another ; and, still more, the immediate decomposition of 
one salt alone, inside the membrane, while the other was not afiected, 
which might take place in a living cell, would greatly affect the endosmose, 
siDce the cell-contents would soon be saturated with the latter, while the 
other would not accumulate. In regard to De Saussure’s experiments 
(which are borne out hy what we see beneath the microscope when we 
apply reagents, such as iodine, to healthy or decaying tissues), there is 
no necessity to have reoourse to a vital agen<^ of selection, since the 
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chemical activity of the cell-contents, quite different in a living and in a 
dead organism, might account for all the diversities, even if the difierence 
could not be explmnod by a physical difference of tension in the living 
cell-membrane and that of a ae^ organ, in -which a process of decay im- 
mediately commences if it is exposed to the action of water. It ^s 
recently oeen shown that porous vessels placed in mixed solutions select, 
just as plants do under similar circumstances ; and those solutions which 
pass most freely through the walls of cells are those which always 
most freely through the sides of the porous vessels. Those cases in which 
the same amount of any given substance is capable of being absorbed by 
plants which have nevertheless diflerent chemical composition, may also 
be explained by the different osmotic powers possessed by the cells of 
different plants. Thus, supposing the root-cells of a cereal plant and 
those of a Leguminous plant to take up the same amount of silica from 
the soil, the quantity of that ingredient would speedily be found to be 
greater in the cereal* than in the Leguminous plant, because the cells of 
the former can appropriate silica, and by osmosis store it up in the epi- 
dermal tissues, whihj the cells of the latter, having difteroiit osmotic rela- 
tions to silica, soon become saturated, and can take up no more. On the 
same principle we see colls in juxtaposition containing very diffe];pnt in- 
gredients, which yet do not mix Ix^cause the conditions for endosmosis are 
in some way or other not favourable. 

Schlosing says that the power of absorbing mineral ingredients from the 
soil is diminished by limiting the process of evaporation, as when plants 
are grown under a bell-glass. 

“ 759. The leaves and other green parts of the higher plants do 
not appear, to absorb liquids. Whether thc^ absorb even watery 
vapour to any great extent is questionable ; but i t is certain that the y 
and that a very large proportion of the carbem 
by green plants is takra into the system in the form of 
carbonic acid gas, by the leaves and green shoots. 

Unger denies that leaves absorb watery vapour ; but this is in contra- 
diction to the general impression ; and it is difficult to understand how 
they can reftise it. With regard to nitrogenous matters, there appears 
to be some reason to imagine that ammonia (or nitrates) may be as- 
similated by plants, and possibly by their leaves, from atmospheric air. 
This point will be noticed further on. 

760. The entrance of gases into the pells is attribnta| | )le. throuffb 
tbeir sofuhffitv in w^rJ^to en^smofe action ; wliile the jaws c 
diffusion of gases pr^de 'for their entrant into the intcrcfeUular 
passages, wldch brings them into contact with the deeper-seated 
oellB. 

Sect. 4. Diffusion of Fluid in Plants. 

761. The diffusion of the fluid absorbed by plants, and the nature 
of the interchanges which take place between the products elabo- 
rated in the different tissues, off^ a number of problems, of some of 
which no very satisfactory solution can at present be offered. 

762. In aquatic plwts the entire surface is employed in absorp- 


absorb gases. 
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lion ; and the liberation of gases in the. respiratory or other processes ' 
being accompanied by condensation of the ccll-contcnts, endomoHc 
action is kept up constantly during active •vegetation. 

In the Cellular plants, such as Lichens, I^ungi, and even in 
Mosses and Hepaticm. ttie diffusion of tho flui^ TOuld appear to be 
a result of simple cndosmotic action continued froin cen to cell in 
more orl^s complex series ; and in the plants growing in air, eva- 
poration of gases increases l^c density of the contents of the last or 
uppermost cells of the chain. 

703. In plants with wcU-developcd stems and roots, the liquid 
nutriment is absorbed by tho latter, and tho movements which the 
absorbed fluids have to make are much more complex, not only from the 
greater variety of forms of tissue through which they have to pass, but 
from the multiph’cd details of the interchanges with elaborated matters 
arising from the scattered distribution of the leaves over the axis. 

764. As so large a quantity of fluid is absorbed by the roots from 
below, it is clear that the di^sion of that fluid (or sap^ as it is now 
called) must in the first instance be in an upward direction ; hence 
tlie phrase of the Tiio main current of the sap, then, is 
upwards from the root, through the stem and branches, to the loaves, 
w’herein, owing to the changes it there undergoes and which wiU be 
hereafter alluded to, its character becomes altered and the general 
direction of its current reversed.’ 

The upward direction of the erode ggn. and still more tho downward 
current of the dabor^d satL must W understood in a general sense as 
indicating the prevailing directiou^f the current. A more strictly correct 
expression would be to say that the sap, whether ascending or descending, 
moves in the direction in' which (^umstances are most favourable to its 
flow } and this is to those spots where the sap is most needed for the 
nutritive processes of the plant, ah will be more fully explained in suc- 
ceeding paragraphs. 

765. The causes producing the aaoent of the sap are manifold. 
They vaiy not only in ^eir nature, tut, at ^ffi^ont^ime^ in 

])artB of the same pknt and under varying circumstances. We wiU 
first of all allude to the inducing causes separately, and then indicate 
how, when, and where they act. Endosmotic action consequent on 
the absorption of fltlids by tho root is on all hands admitted to play 
the principal share in tho diffusion of fluids throughout the plant. 
Capillary action facilitates the upward passage in or between the 
flbro-vascular tissues. Pressure, whether exerted by the tension of 
the cell-walls upon their contents, and itself consequent on endos- 
mosis, or as the result of increased temperature, which expands the 
air in the stem, forces the fluids to move in the direction of least 
resistance. The osciUations produced by the swaying of the branches, 
petioles, &c. by the wind also occasion intermittent pressure, to which 
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Mr. Herbert Spencer attributes an upward thrust of the sap towards 
the point of least obstruction. 

The profuse evaporation or transpiration of watery vapour from 
the leaves is a powerful agent in producing an upward flow of fluid 
to replace that which is lost in the manner indicated. The extrava- 
sation or etudation of sap consequent on. the mechanioipd strains 
effected by the wind also give rise to a current of sap from beloML* 
Chemical actions, such as the transformation of starch into sugar 
necessitate a supply of water and create currents of that fluid. 

The above-named causes act soniednies separately, another times in 
combination. In the roots, not only the absorption but the ascent of the 
sap is due to osmotic action chiefly. 

The roots taJte an important share in promoting the upward flow of the 

9 sap. If, in spring, we notice the surface of stumps of timber-trees 
have been sawn off in the preceding autumn, we find the cut sur- 
faces wet with abundant exudation from the outer layers of the wood ; 
and experiments made upon the cut ends of branches, by Hales and others, 
show that the sap rises in them with very considerable force — in tjie case 
of the Vine, supporting a column of mercury 20 inches in height. It 
is evident, therefore, that the spring ciuTent, at least, is partly owing to 
absorption bv the roots, in the cells of which decomposition and solution of 
stamh are effected, and which must in consequence absorb water greedily ; 
the engorgement of the tissues may cause the liquids to be forced into and 
upwards along the course of the vessels and ducts. 

In woody stems osmose also comes into play in conjunction with 
capillaiy action and pressure dependent on the various causes before named. 
Pressure resulting from increased temperature is illustrated hv the cir- 
cumstauce that the fiow of sap in the trunks of trees is f^eatest during tlie 
daytime, when the trunk absorbs the sun’s heat by its rough surface, 
and least at night, when the tree is cooled by radiation. In the leaves the 
transpiration and the movements efiedited by the wind afford the main 
causes for the rush of sap. In the expanding leaf-buds, and in all portions 
of the plant where vegetation is going on actively and where in conse- 
quence large quantities of nutriment are required, the chemical trwsforma- 
tion of the cell-contents, which renders them available for nutritive jgur- 
poses, necessitates a lar^ quantity of water ; and in consequence an 
endosmotic current is produced. This chemical action does not necessarily 
occur at the very point where growth is most active, generally, indeed, 
elsewhere, in what may be termed the store-cells, so that a euxront is 
determined from the store-cells to the growing points. 

The transfers just alluded to may be compared to a row of firemen 
handing on puls of water, in the absence oi a hose or conlinuous pipe, 
such as is represented by the blood-vessels of an animal. 

The spring ascent of sap in Dicotyledons is p^ly to be accounted for by 
the solution of starch, or tne decomposition of fixed oil &c., in the buds and 
cambhim-i'egion, as above mentioned (just as occurs in the root or in a seed 
beriming to geminate). But, as has been observed by von Mbhl, the 
inspissated juices thus fomed do not He in the sap-wood wherein the 
ascending current flows, 4rat in the cambium-layers where the elaborated 
sap deecehdai ajfd it is not clear why tiie asoending fluk}, if moved by 
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eudosmose alone, does not pass out laterally into tlie cambium as soon as 
it reaches the stem. That the buds, however, do exert this attractive 
force is seen by tne influence of the heat of a g^enhouse in causing the 
flow of sap in a Vine which is planted with its roots outside the house 
and its stem brought inside and trained there. 

706. to the leaves (and green portions of plants aanerally) the 
very impIirtaDt pk en^o menoiT m: jevaporati^ orTranspiraSon oi: watery 
v apours occ^, a^d c ohsidtutes probably the most impy tant apentm 
Tn cau^gtEe and diflusion ot^'oodrin^iant^ It has 

Seen" stated above (§ 758) that plants absorb ^eir liquidTlbod pas- 
sively by their routs ; therefore, under equal external conditions, a 
plant should receive the nutrient matters derived from its liquid 
food in the ratio of the quantity of water passing through its tissues 
and evaporated from its leaves &c., since the water passes off almost 
as pure vapour, and, at all events, leaves its minerid constituents be- 
hind. The amount of evaporation is remarkably great, and accounts 
in some degree for the sustenance of plants by such extremely dilute 
soliiti&us of their nutrient matters as they find in the soil. 

The experiments of Lawes and 0111)011: give the following average daily 
loss of water iu the mouths indicated, in pots of unmanured soil, the first 
line from TFJieai, the second from J^eag : — 


March lS)th Marcli 2Sth 
to to 

March 28th April 2Sth. 

14*fl 400 

11-2 . 42 0- 


April 2dth May 25th 
to to 

May 25t.h. June 28th. 

1024 1177-4 

100-4 1070*8 


J uno 2Sth J nly 28th 

to to 

July 28th. Aug. 11th. 

1535-3 1101-4 

2002*7 377-2 


Aug. y th 
to 

Sept. 7th. 
230-9 


The total amount of water given off during the whole period of 172 
days (Man-h 10 to Sept. 7) was, by tlio 113,527 grains, by the 

Pmg, 100,082 grains. TIio total quantity of mineral ash from each of 
the samples was, 30*49 ami 43-10 grains, which shows 

that the Wheat took''iu) 32-14 gr<uus, and the Peas 39-67 grains of mi- 
neral matter iu every 1(X),000 grains of water which evaporated from it. 

The amount of transpirAtion depends on the age of the plant, the 
anlbunt^l surtace exposed, tbe nature of the epidermis, the texture of the 
leaf, &c. ; thus it is usually greatest on the lower surfaces of leaves, which 
are provided with the greatest number of stomata. External conditiouB, 
such as the degree or moisture in or the temperature of tiie air, also 
exert great influence on transpiration ; the drier and hotter the atmosphere, 
the greater the transpiration. Light also has great effect on tiie ^entity 
evaporated ; but it is diflicult to separate its effects from those oiheat. 

In the spring, before the expansion of the buds, absorption is neces- 
sarily greater than transpiration, the water in such a case is stored in the 
stem, where it is made available for the expanding buds and growing 
tissues generally. In the summer the transpiration is greater tnan the 
absorpthm ; and then the leaves depend for their supply on the stores in 
the stem, or, failing that,, they wither. Even in wmter, provided the 
stem be not absolutely frozen, there is a motion ^f the juices, dependent 
to a great extent on the temperature of the soil, which is always in that 

2 G 2 
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season higher than that of the air^ and it increases in amount froxn the 
surface downward. 

767. As regards the special tissues through which the sap flows, 
the experiments of Hoflmann and others indicate that a very uniform 
diffusion of fluids takes place in the Cellular plants and in the Mosses. 
But the lastihamcd physiologist found that in the plants possessed of 
fibro- vascular bundles, the fluids passed up m the flrst insta nce from 
the ro^^hiefly in the nrosenchvmatous ceUular constituSts 
finn^es . ~ jlies(B oxperimente made by causing the plants to 
absorb ferrocyanide of potassium ; and then, by treating sections of 
them with a per-salt of iron, the course of the sap was shown by the 
local appearance of blue. 

Unger’s experiments, in which he caused plants to absorb the red j nice* 
of the berries of 'Fhytolmca, gave the same results. As a, rule, it was 
found by both observers that the fluids did not pass by the spind vessels 
themselves, unless the continuity of the absorbing suiiace of the roots 
had been destroyed. Herbtirt 8pencer’s experiments, however, show that 
the passage through the vessels is much more; mpid than throu<^h tlio 
cellular tissue. AVhere cut branches are caus(‘d to absorb, the fluids rise 
in the open vessels and ducts by simple capillaiity. 


708. The spiral and other vessels do not always participate in the 
diftiision bf l;he iniccs ; Wt in the commenconient of the growiilg 
iiig-season (with ns, in spring), the whole tissue becoming gorged 
with fluid, the vessels are commonly found full of sap. In the 
regular steady course of vegetation the spiral vessels are usually 
found filled with air. 

B e in ^rcellular mssaaes arc also filled with air, except under 
iar circumstances, and therefore take no part in the distributitm 
ofthgsaD. 

769 . Ttc experiments which have been made to ascertain the 
course of the fluids absorbed by the roots, tend to show that the sap 

S asses upward in the clongtited cdls assodated with vessels, in the 
brorvasc^^^undles . towards and into tbele^es andothcr^rgan^ 
!Fhe distribution oi wie fluids must therefore be very different in 
stems differently organii^ed as regards the arraugcnient of these 
bundles. In Monocotyledons wc find a series of isolated streams ; 
in Dicotyledons the fluids ascend in a much freer and wider course, 
in the more abundant wood of the regula^y arranged circle of bun- 
dles (§ 665). A farther diversity prises from the changes which 
take place in stems with age : in IHcotyledons the inner layers of 
wood generally become converted in the course of time into Jieart- 
jvood(§ 670), the solidity of which obstructs the passage of Smd^ 
wlidi then asemid chiefly in the outer, younger layers of wood, which 
constitute the ^Iburnupt or sap-wood. 

This is i&i|8trated by the vegetation of hoflpw Dicotyledonous trees, in 
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which a sufficient layer of young wood remains within the hark to cany 
up the absorbed ljuids. It is found that the careful removal of the heart- 
wood of trees does not prevent the supplv of liquid to the branches from 
the roots ; but if the layers of sap-wood are removed, the upper parts of 
the tree die from desicciition, even when the bark is left uninjured except 
to such an extent as is sufficient to allow of removing the wo«jd beneath. 
The removal of a ring of bark does not prevent the ascenf of fluid, but, 
^ will be noticed presently, arrests the downward distribution. 

770. A certain amount of lateral diffusion takes place from the 
ascending current, sui)plyiiig the surrounding tissues with water, 
and, perhaps, nitrogenous materials ; but this point is not clear. 

771. The fluid which is found in the sap-wood of Dicotyledons is 
of a watt'rj’ character, containiug dextrine and sugaiu but not starch, 
chlorophyll, or any colouring-matter. It cont^ns mso mineral salts 
absorbed hy the roots, in an undecomposed c^Sition,^ at cbnsiderabTe 
heights in the stem. Tlicse fluids are called m'wde savsj, and occur 
in (^special abundance at the time (spring) when the renewed che- 
mical. activity in the developing ceUular tissues causes an increased 
absorption of fluids. 

This ci'ude sap flows out freely from incisions into the sap-wood of 
Dicotyledonous trees in spring, and sometinuvs spontaneously bursts forth 
iu a Isind of overflow, ns in what gardeners call bleeding ” of Vines. 
Birches, &c. 

• 

772. The crude sap becomes more and more condensed as it as- 
cends in the stem and other organs. In the leaves and other green 
parts it undergoes a md^t important transformation, loses by tjans- 
piration much of ite water, and receives a new i^einent in' Its 
^mi)OMti^, of the Mghest^mportanco to it os m^ml for develop- 
ment, namely carbon, derived from tlio carbonic acid absorbed by 
the leaves and decomposed there in sunlight, with the liberation of 
oxygen. 

773. The nature of the progress of the sap thus elaborated from 

^e leaves into the catnJmim-region (§ 666) of the stem and ofhei 

parts is at present obscure. Some authors, indeed, totally deny thal 
the elaborated sap does descend ; but this is in contradiction to ali 
experience and observation. AU experiments which have been madt 
favour the opinion that there is a descent of sap elaborated in tht 
leaves, in tiicot^edons least, in ibat part of tiie fibro-vascul^ 

the cambium-layCT of thowood and in tne internal tissue of thi 
bark. This supplies the material for the development of new wooc 

fhe flbro-vascular layers ; and this elaborated sap evidently passet 
not only downward, but also inward, by lateral transmission, sincM 
we And in autumn starch-granules laid up in the medullary rayi 
between the wedges of developed wood. 

The Ban therefore nerforms a kind of circulation in DicotyledonB 
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not in a proper system of vessels, but by a series of disturbances 
restorations of equilibrium in a mass of permeable tissues, de- 
pendent upon local physical, chemical, and developmental actions. 

The evidence of a descent^ of elaborated sap is overwhelming. The 
simplest proof, tnat of lemo^ng a ring of bark, which causes the awest 
of development of wood below the ring, is home out by all variations 
of it. I&nging fruit-trees in this way causes a temporaiy increase of 
product of fruit ahace the wound, from the accummation of the ela- 
borated matter there. The formation of tubers in the Potato and similar 
plants is prevented by interrupting the continuity of the cortical layers ; 
and when hark is removed in patches, and the sunace becomes gradually 
grown over by new wood, the greater part of the new growth comes from 
&e upperside. 

It 18 Mulder’s view, that all the nitrogenous constituents of plants are 
not only absorbed by the roots, but assimilated there at once, and that 
carbon is fixed in the green organs — ^then, that a continual interchange 
goes on from above and below, the roots suppljing protoplasmic matters 
(§ fi07) which originate all organic phenomena, while the leaves send 
down the ternary compounds (C II O) which afford the material for cell- 
membrane, starch, &c. This author attribuh‘8 the distribution to simple 
endosmose ; but this does not account for the passage of crude sap through 
the alburnum and of elaborated nutriment througli the inner baiw. Other 
authors consider that organic substances (carbo-hydrates, albuminoids, &c.) 
are formed in the leaves ; in such a case a d(>seent of the sap must of 
necessity occur. 


774. Sachs states that the elaborated sap in the cellular tissue is 
different from that in the vascular ; " the parenchymatous tissues 
have,” says he, an acid sap, containing sugar, starch, oil, vege- 
table acids,” &c. The vascular and prosenchymatous tissues, in- 
cluding the vasa propria ” and clathrate cells (§§ 585, 624), have 
an alkaline sap. The sap passing .through these tissues is of an 
albuminous nature. Other physiologists, however, doubt whether 


an y such sharoly defined dual_nature c 
though admitting the large share wEc 
descent of the elaborated juices. 




e vasa propna 


775. We may conclude this portion of the subject by repeating 
that the nutrient fluids in plants follow certain directions, according 
to the structure and arrangement of the tissues, the locality of the 


sources of nutriment and of growth or other action ; and os regards 
the elaborated fluid the movement may be, 1, from the place of 
formation to that of consumption, or, 2, to the store-cells or reser- 
voirs, or, 8, from these latter to the place of consumption. The 
ascend^, descending, or horizontal direction of the current is 


therdoife a secondar}^ matter. 


To illustrate the movement and transfer^oe of nutrient matters, aUusion 
may here be made to the researches of M. A. Gris on the production and 
utilization of Starch Ac. This observer finds that in winter-time the 
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medullaiy rays, wood, and pith are aJl filled with staroh-grams. These 
diminish in spring, but are afterwards replaced during the summer. He 
concludes from this that there are two special movements of the nutrient 
substances, as illustrated by their formation in summer and their absorp- 
tion in the following spring. 

Sect. 5 . Ela-bobatioh of the Food. 

776. When green plants are placed in water containing dissolved 
carbonic acid, and exposed to sunlight, they give off oxygen gas. 

This may be readily observed in VaUimeria and other submerged green 
plants grown in glass jars, a continuous stream of bubbles escaping from 
the plants when standing in the sunshine. The frothy masses of Con- 
fervaj, borne up to the surface of freshwater pools in sunny weather, by 
the entangled bubbles of oxygen, afford another common instance. 

The absorption of carbonic acid, and the elimination of oxygen in the 
case of aquatic plants, and also in that of leathery leaves as in the Cherrj^ 
Tjaiirel, where there are comparatively few stomata, take place on the 
upper surface only. 

777. Where no carbonic acid exists, as in boiled or distilled water, 
no oxygen is liberated. Lciily shoots remaining attached to trees, 
but enclosed in close glass globes, increase the percentage of oxygen 
in the globes when exposed to daylight ; and cut shoots wiih the 
lower ends placed in water containing carbonic acid in solution, give off 
more oxygen than if the lower ends dipped in water devoid of aeffl. 

The oxygen exhaled by leaves &c. is formed at the moment of its 
liberation ; for Confervae,* which have no air-passages, and other plants 
which have had their air-passnges exhausted by the air-pump, give 
oflP oxygen under the above circumstances. Fragments of leaves 
perform the same function so long as their organization is uninjured, 
while the destruction of the cells by pressure &c. stops the action. 
The epidermal cells (§ 633) exhale no oxygen. 

_ The unlike influence of the different rays of the spectrum is very re- 
markable. According to Draper, whose observations have^ been confirmed 
by numerous observers, sunlight acts in proportion to ite illuminating 
power in tbe deoxidating process; which appears to be just the reverse 
of what occurs in the reducing action of light upon silver. The yellow 
rays ore almost as powerful as white light : while the more refrangible 
rays, blue, violet, &c., have little or no effect on the emission of oxygen, 
though it is probable they may exert great influence on the chemical 
transformations which follow that process. In green light the leaves 
emit carbonic-acid gas, as in darkness^ Diffused light is nch in the more 
ref^gible rays, and hence causes a scanty emission of oxygen. Prillieux, 
however, asserts that the amount of oxy^n emitted by light of difierent 
colours is in direct proportion to their illuminating-power, and that the 
effect of the yellow and red rays in causing the dis^gagement of oxygen 
is due to their luminous inteneity. A corresponding tact has been noticed 
'mtii regard to the evaporation of water, so that the two phenomena 
would appear to be in some way connected. 
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778. The qiiaiititv of oxygen a^ven off bears a definite proportion 
to the ccfbonic acid a‘bsor]5e^Y a planl^y l)ut excess of caifemc aciJ 
becomes obnoxious to health. ^ 

779. It would appear that nitrogen is also given off by plants ex- 
posed to sunlight. Draper observed considerable quantities exhaled ; 
and Cloez and Gratiolet noticed more than was attributable to air 
accidentally present in the intercellular passages. 

Boussingaiilt assorts that in the case of marsh plants a sznall proportion 
of carbonic oxide is exhaled by the green parts or plants^ but probably not 
under normal conditions. 

780. When the influence of the sun is withheld from green plants. 
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alone. Saussiire found that the organic matter of plants increased in the 
proportion of 2 to 1 of tho carbon contained in the carbonic acid; -the 
oloinentM of water being combined with the carbon. 

783. Wlien plants are placed in pure nitrogen gas, OT invtwuo^^ 
the functioni^ or vopctation are arres^d ; hot only do llie~ ^Semical 
actions dbove noticed cea.se, Ymtlrritabiliiy, like that of the Sensitive- 
plants &c., is lost, and the plant decays. Even shoots separately 
enclosed suffer in the same way. The death occurs especially early 
when the plant is kept in the dark. 

Tins accounts in some degree for the injury resulting from roots grow- 
ing down too deeply into the ground, as is often observed with fruit-trees. 

784. It ap])ea.rs therefore that there are two opposed seiil of 
operations in which plants have close and important relations to the 
atraosplicrc. In the one, occurring when they are exposed to the 
sun’s light, carbon is HxchI, which must bo regarded as a process of 
assimilation,. In^ the other, going on always in the dark, and during 
the day in many i)arts of plants, oxygen is absorbed and carbonic 
acid is exhaled, as in ilio respiration of animals. The former process 
is ahsoliitely nocessaiy for tho production of new ternary compounds 
(C II 0), but the latter appears absolutely requisite for tho main- 
tenance of the life of tho plant. 

The passage of gusoM,of whatever nature and in whichever direction, is 
dependent on tho Taws of diffusion ; tho cuticle of the leaf in these cases 
acts as a dialyzer or tiltci;, checking evaporation, but permitting the pas- 
sage of gases. 

785. The assimilative process, in which oxygen is liberated, ac- 
companied by aocumulatidn oiTcarbon in the tissues, is evidently 
related to the formation of the remarkable series of neutral ternary 
compounds which constitute the great bulk of tho substance of 
plants, and, further, to tho production of the more obscure and far 
more comjdex and varied scries of substances formed by a further 
removal of oxygen from the compounds of the first class. 

The composition of tho principal constituents of cellular tissues, and 
the sulistances found in tho watery cell-sap, is generally such that they 
may be regarded as consisting of carbon plus the elements of water; but 
it is by no means to be regarded as settled that they are secondary com- 
poun Js formed by the union of water with carbon. 

The formation of ciy’stallinc acids, such fus oxalic acid &c., is theoretically 
accounted for by a process of deoxidation. A further deoxidation of 
carbonic-acid gas and water would re^iult in the formation of the different 
carbo-hydrates, cellulose, starch, sugar, &c. A still greater loss of oxygen 
would account for the formation of vegetable fats &c. : thus ftem six 
equivalents of carbonic acid and five or water we may suppose starch, 
Co,II|o> Oj, to he formed and 12 atoms of oxygen set free, 
6COs+5H,0=Ce,H,o, 0,+120. 

786. The formation of the neuti^ ternary compounds being oon- 
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stanliy in relati<)n to the absorption of carbonic acid (CO®) and the 
passage of water (H^O) through the tissues, with the exhalation of 
oxygen, it has been assumed ^at assimilation of carbon in the green 
parts of plants is the result of decomposition of carbonic acid and of 
the combination of the carbon with water. As Liebig, however, indi- 
cated, water is far more easily decomposed than carbonic acid, and 
perhaps the oxygen may bo derived from that, its hydrogen uniting 
with carbonic add. 

There is no evidence to show which view is correct. In the next 


place, Draper regards the decomposition of carbonic acid as a process 
resulting from Mntaet-^iction or fermeniation excited by the nitro- 
ge^fus protoplasm, accompanied by a waste of the latter, in which 
nitrogen is liberated. Mulder, on the other hand, believes that the 
carbonic acid enters into combination with some substance existing 
in the protoplasm, and that the oxygen is set free by the decompo- 
sition of this compound ; for example, j;hat chlorophyll is produced 
continually in sunshine, the wax associated with this being ftjrmed 
from starch, accompanied by a separation of oxygen, that this oxy- 
gen partly escapes and partly oxidizes the chlorophyll substance, 
and causes it to become green. 

Of these views. Draper’s appears the most worthy of credit, as 
agreeing best with the phenomena observed in the cell-contents. 
Chlorophyll does not originate from starch, but usually vice versA ; 
and it is quite admissible to assume a deoxidating contact^aciion of 
the protoplasm under the influence of light, when we observe a 
distinct oxidizing contact-action of the same part of the cell-contents 
in the dark, as in the decomposition produced by the growth of the 
Yeast-plant (§ 740). 

787. As to the nitrogenous constituents of plants, we know little 


at present beyond the fact t 




ance, ^ich, according to Miuder, consists of modi- 


c^ohs of the substance called proteine, known as vegetable albu- 


men, fibrine, casetno, &c. They constitute the substance of the . 


primordial utriclot.(§ 590), the chief agent in development, and the 
protoplasm (§ 597), on which chiefly depend, in aU probability, the 
vital and chemical activity of the cell-contents. These have the 
power of decomposing organic compounds by contact-action, and per- 
haps of causing new organic combinatiops. How th^ originate 
themselves is unknown; but it appears most probable that their 
source is either ammonia in combination with organic substances, or 
in some cases nitrates ; and it is most probable that there is ground 
for Mulder’s opinion that all actively vegetating cells (containing 
protoplasm) are capable of directly assimilating organic matters to 
some extent^ whether exposed to light or not (§ 741). 

This seems borne out the imiversal presence of these nitrogenous 
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compounds in actively vegetatinf^ cells, in roots, parts of the flower, in 
cambium, &c., as well as in green organs. That the crude mp (§ 771) is 
found to contain uncombined ammoniacal salts high up in the stem in 
spring may result from the activity of the currents of fluid allowing part 
of them to flow on undecompused, while a part only is assimilated in the 
roots. 

Proteinaceous matters, it may now he stated with some confidence; 
originate in the colourless protoplasm from the decomposition of sugar 
and ammonia salts in the same manner as starch is formed in the cljloro- 
phyll under the influence of light. Pasteur induced the formation of 
Xirotoplasm in ycast-ceUs by supplying them with a saccharine solution 
and a nitrate or ammonia s^t. 

Our space compels us to restrict this Section within narrow limits, and 
we are obliged to omit any special reference to the application of ^ese 
generalixations to the explanation of the facts of Agriculture *. The whole 
question is in a state of transition : much progress has been made in ac- 
cumulating facts, hut f<!w points have been absolutely ascertained. The 
student is recommended to study works on physics and organic chemistry. 
Vegetable physiology is dail^^ liecoming mdre and more a subject for the 
physicist and chemist ; and without a knowledge of the subjects treated of 
uy students of these sciences, progress in vegetable physiology is impossible. 

Sect. 6. DEVELOP^nsNT and Secretion. 

788. At the commencement of the periods of activity of plants, as 
when they shoot up from seeds, or when the new shoots are pusned 
out in sjiring, the whole product of the elaborating processes is 
devot(*d to the formation of new structure, to devchpmmt. As the 
season advances the cell-forming activity slackens, the permanent 
tissues become consolidated by the formation of secondary dexiosits, 
and the parenchymatous tissues appear loaded with accumulated 
products of assimilation, such, as chlorophyll, starch-granules, &c., 
which in annual plants are subsequently consumed in the matura- 
tion of the seeds, and in perennials arc gathered together in autumn 
and stored up in those tissues which are to carry on the development 
in the succeeding season. 

789. The phenomena of development have boon siiffidontly dwelt 
upon incidentally in preceding Sections (§§ 092-709 &c.) ; but we 
have stiU to speak of certain processes, occurring more or less ex- 
tensively in plants, contemporaneously with development, in which 
products are formed which are not, like starch, chlorophyll, &e., 
evidently transitory forms of assimilated substance. These sub- 
stances, called by the general name of secretions, are of most varied 
kinds, and their relation to the economy of vegetable life is still very 
obscure ; but a brief notice of the most striking of them is indis- 
pensable. 

* Tlie student will find a useful summary of Shemical science applied to 
agriculture in q, little work called ‘How 9fops grow* (MacMillan). 
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A distinction i» sometimes made between the peculiar products found 
in the interior of cdls^ and those which are accumulated m certain cases 
in intercellular passages or cavities, or upon the outer surface of cell- 
membranes, the former being called secretiom and the latter 

790. The principal substances secreted by plants are air, water, 
gum, sugar, volatile oils, balsams, resins, gum-resins, and salts, 
either entirely inorga nic, or formed of combinations of mineral bases 
with^ organic acids &c. ; besides these there occur in individual 
Orders a multitude of alkaloids, neutral substances of various kinds, 

lou ring-principles, &c. 

791 . The liberation of gases, i n intercellular passages, cavities, &c. 
(§041) occurs both as a necessary accoropaninicnt to the chemical 
decompositions going on in the cells, and as a special process con- 
nected with peculiar habit of ])lants &c., as in the Utnmdarioi 
(§ 47(0j in the air-sacs of Faeva vesleuloxm, &c. The composition of 
the air found in the caviticjs of plants ijecessarily depends upon the 
external conditions, as under sunlight there is generally a giealer 
proportion of oxygen than exists in common air, in the dark but 
excess of cjirbonic acid. 

792. Water is given off in a liquid form by various plants, cither 
from glandular papilhc, or from’ the general surface of leaves &c. 
In ^NepmthcR rlisiilhitoria, Sarraemia^ &c. water is secreted in the 
pitchers (§ 101 ) whenjin it accumulates. . The leaves of various Mu- 
sac('ie, Araccao, Grasses and other Monocotyh^dons, Tropmohmi, />»- 
pfitiensi, Brfmim oleraeea, &c. give off drops of water from the lejives. 
In Caladium there exist orifices at the points of the loaves, commu- 
nicating with internal canals, whence great quantities of water flow 
(half a pint in one night). This water is of course contaminated 
with salts and small quantities of soluble organic matters. 

793. Gum is usually poured out into and accuinulatcd in infer- 

eellular pas^ges, as in the* CyeadacesD, in the bark of the Acacias, 
Cherry, &c. When it is formed in large quantities, it bursts the 
tissues and exudes in the form of tears. The formation of the gum. 
Tragacanth in the species of Astragalm is different from this, con- 
sisting of collonchymatous thiekening of the cells of the pith and 
medullary rays, which swell l)y absorption of water, and burst out 
from the stem under certain circumstances. The peculiar organs 
called cystoUthes (§ 612) have a gummy excretion as a basis, in the 
form of a davate body, suspended in the interior of an enlarged cell 
by a cellulose pedicle ; when mature these bodies are covered with 
crystals of carbonate of lime ; they are especially common in Urti- 
cacogl.^as in Ficifs elastica, Morus^ &c. 

794. Snpir. commonly occurring as one of the soluble forms of the 
asrimilatcd ternary substances, .is occasionally excrote^^ ^specially 
frbm^iOie parts of flowers, such fk the so-called nectaries. Through 
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evaporation of water the sugar sometirocs appeats in a crystalline 
form. 

Sugar occurs commonly in the coroUa-tnbes of monopctalous flowers 
(Lilac on the nectariferous coronet of various plants, tm the glands 
of petals like those of JRanunculuaf Panmssiay &c., or in pits in the same 
situation^ as in some Liliaceo). On the leaves of various species of Acacia 
occur glands secreting sugar; and the same is the case in species of 
Cterodmdrm^ Lauruslinus, the lower surface of young leaves of Pmnm 
Laurocerasas^ &c. V arious species of Ash (Fraxinm) and Tamarix excrete 
a gr(jat quantity of saccharine substance under the form of manna. 

The wjmnds inflicted by insects {Aphis) also cause excretion of sugar 
from leaves, forming honey-dew.” 

70r>. The volatile oils, are extremely numerous. They are ordi- 
narily secret^ in glan(is(§ (i45), either external or internal, situated 
on the lierbac(^ous parts of plants. They arc rarely pure substances, 
the essential oils usually containing dissolved resinous matters, cam- 
phor, or active principles of various kinds. The odours of plants and 
many of their most important (pialities dej^end ui)on these secre- 
tions, which arc generally peculiar to particular gen(jra or Orders of 
plants, and not unfre(jueiitly difler in slight degrees, so as to bo 
characteristic of particular s])ecics in an Order. The chemistty of 
the formation of these bodies is still V(*ry obscure. Some arc hydro- 
carbons ; others contain oxygon in addition ; and sulphur plays an*im- 
portant part in many, especially in the Cmcifcrflc. The only general 
statement whicli can be made is, that the majority of the essential 
oils contain less oxygen in proi)ortion to carbon and hydrogen than 
the dextrine and the other neutral ternary compounds, and that their 
production stands in a certain relation to the access of sunlight to 
the plants. 

The Lahiatm with their oxternal epidermal glands, the Hypericacem 
and Aurantiaccm with their inf(*rnal glands, the irmbellifertB with the 
oleiferous vittie in the fruit, the Terchinthacea), TUitaceie, &c. are striking 
instances of the occurrence of essential oils in particuhir Ordera. 

Resina, solid or fluid (balsams), arc very varied. They occur 
chiefly in {ntcTcellular passages, or in groups of cells especially de- 
voted to the secretion of these products. Very little is known of 
the processes of their fonuation ; hut the same generalities apply to 
them as to the essential oils with which they are not unfrequently, 
associated. 

Among the resin-producing Orders maybe noticed especially the Ooni- 
feroB, the Leguminosjc (Copaifera^ Myroxylony Amyridacem, Gutti- 
forsB, Styracea), Terebiuthacem, Liliacem (Aloe, Xmtkorrhea), &c. 

797. B fflinous and wtoy matters^a re found in considerable abun- 
dance on tne surface of the leaves of fruits of many plants. It is not 
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clear at present how far these are to be regarded as proper excre- 
tions or as chemically metamophosed epidermal strifletiires. 

Under this head falls the waxy coat of leaves and fruits which exhibit 
what is called a ''bloom/’ as the leaves of Primulaceas (P. AimcvHa, 
&c.), Mesemhryanthaceffi, the fruits of the Plum, Myricacece, &c. The 
wax of the Wax Palm ( Ceroxyhn) is formed in ilakes upon the surface of 
the stem. 

798. Wax and resinous matters occur on the outer coat of the 
pollen of flowers ; and the viscid surface presented by the epidermis 
of many plants, such as Lyclinis Vhcariay some SiJenes, &c., is attri- 
butable to similar causes. 

799. The so-called milky juices (latex) occurring in specially 
modified intercellular passages (§ 649) are of complex composition, 
containing essential oils, resins, gum-resins, starch-grains, extractive 
matters, alkaloids, proteinaceous compounds, &c. suspended in water, 
forming a kind of emulsion. They are not opaque and milky in their 
natural state, but become so wlien exj)osed to air, and mostly assume 
a transparent resinous character when their watery constituents 
evaporate. 

Very different opinions have been expressed as to the nature of 
latex and the vessels containing it (§ 649). By some it has been 
considered a nutritive fluid analogous to arterial blood, by others 
as of purely excrementitious nature. A third notion is founded on 
the comparison of the fluid in question with venous blopd. Probably 
that view by which it is regarded as a fluid containing, mixed with 
matters of a directly nutritive character, others which are excremcn- 
,titioua in their nature (Sachs, Hanstein) is the most correct. Trecul 
holds that the laticiferous vessels are the analogues of the veins, and 
their contents equivalent to venous blood. He traces a contact and 
inosculation of the laticiferous vessels with the pitted ducts and 
other vessels. Latex from this point of view would be the residue of 
the sap after elaboration by the cells — the caput mortuum of the sap. 

These mices abound especially in particular Orders, as in the Papa- 
veraceie, Euphorbiaceae, roots of ^Oichoracem, Apocynaceoe, Urticaceae, &c. 
Amongst the most important substances obtained by evaporating them to 
dr 3 mess — pmumf rom. PaptwtTsonmiferunif and caoutenotig from various 
Euphorbiaceae^ Urticaceae, and Apocynaceae ; sulta’perchi Irom Iwnandra 
gutttty &c. 

800. s ali ne and purely minend excretions of plants have been 
already referrea to. they occur as incruftaticns of the cell-mcm- 
branes, as silica in the Grasses, Equisetacee, Stellatm, &c., or car- 
bonate of lime in Chirai, QoralUneafy and in smaller quantities on the 
loaves of various Saxifrages. Crystals (raphides, § 611), either of in- 
organic salts, or compoiftids of organic acids with lime &c., arc fre- 
quently met with in the cellular tissues ; but very little is known at 
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present of the nature of their relations to the chcifiical processes of 
vegetation. 

The close relation of the vegetable organic acids, oxalic, malic, citric, 
&c., to carbonic acid, water, and the ternary assimilated substances has 
already been alluded* to. 

Tannic acid or tannin, C 27 Hjo 0„, is a very frequent constituent of the 
woody tissues when their vital activity has ceased, and is perliaps a pro- 
duct of decomposition. Oak, Sumach, JI/ms Conaria^ Acacia Catechu, &c. 
owe their tanning>pi*operti(;s to this substance, which occurs more or less 
abundantly in all old structures of ligneous plonts. 


CHAPTER V. 

REPRODUCTION OF PLANTS. 

Sect. 1. VEOirrATivB Multiplication. 

801. It is a remarkable characteristic of the Vegetable Kingdom, 
shared, indeed, by some of the lower animals, such as Sponges, Polypes, 
&c., that their organizing forces are dilfused throughout their struc- 
ture, whence results not only great repi^tition of similar and, tp a 
certain extent, independent parts in the same plant, but a capability 
in those parts of sur\iving when separated from the parent stock, 
and becoming the foundations of new plants. Through this condition 
of the organization a rises the possibility of a miiliipUcatwn of indi- 
vi3ua!r idants t^^^simple subdi^sion of the n^getati ve structoe of , 

single specimen — ^ process which is not only uni\^r^ tfirou^- 
out tlie VegetaSIe Kingdom, -but in many cases is so frequently 
and abundantly manifested ns to throw the proper reproduction by 
seeds or spores into the background. 

As will bo seen hereafter, the spores of some Families are really formed 
by a kind of vegetative multiplication intermediate between the proper 
reproductive process and the development of the new plants ; but it will 
be more convenient to examine those eases in connexion with the forma- 
tion of spores and seeds genernlly, and to confine our attention here to 
what are distinctly and eyideutly bud-structures. 

802. The modes of vegetative multiplication of plants necessarily 
depend essentiaRy on the organization of the sfiecies ; accordingly as 
the vegetative structures present more or less complexity, so are the 
“ buds ” more or less developed at the period when they are detached 
from the parent. 

803. In the Thallophyta, where the entire organization is cellular, 

and no leaf-structures exist, the buds or are cellular struc- 

tures, more or less complex, according to tEcc^dition of the parent 
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tlidlus. Wc have examples of the simplest kind of multiplication in 
the lower Algte, such as Palmellem (§§ 544, 649), DesmUliem (§ 650), 
&c., where the plants are continually undergoing propagation l3y divi- 
sion of the constituent cells. In these cases such multiplication ap- 
pears to represent the vegetative growth of higher forms, and a true 
reproduction, with formation of spores, reeurs periodically to internipt 
the simple (?oll-(li\dsion, in a manner analogous to the recurrence of 
flowering, after a certain extent of vegetative growth, in the higher 
plants. 

In the Fun gi many kinds arc abundantly propagated by conulja^ 
or ^raple cells nctachcd from the mycelium, as is the case in flic 
growth of Yeast (fig. 4fi8), in the propagation of the Vine-fungus, 
&c. ; and in all probability the Fungi generally may be increased 
by artificial division of the thallus, as vrc see it practised in pro- 
l)agating the Mushroom, the Vinegar-plant, &c. In the Lichens 
there is a proper structure to which the vegetative multiplicationT is 
confined, viz. the ^onUJifu the green cells formed in the mediiUary 
layer of the thjillusjudiimi frequently break out from the surface and 
become free, especially when the plants are exposed to excessive 
damp. In foe Algae the vegetative multiplication exhibits vt^ry varied 
characters. Tn the Conforvoids (p. 436) wo have the zoonpor^ 
(fig 4(55, C, and fig. 535), as also in the PhoBosporero : "ana ttie 
ietrmj^or^oi the Khoclospc^nncm and Diciyotaceoe probably have the 
same import ; but in addition to this, the thallus is commonly 
multiplied, especially in the larger forms, by the growth of a number 
of new thalli from the sides or tie base of an old plant, and their 
subsequent separation by the decay of the parent thallus. 

In the Jibovc cases we see the double representation of the vegetative 
process which occurs in so marked a mfciiner in the higher plants. Wo 
nave increase bv simple and piuo subdivision of ordinary vegetative 
structures, and, neaides this, we see varied modifications of the vegetative 
cells specially organized to fit them for being throvm off spontaneously 
(jgonidia i&c.). 

804. In tho Hepatiem and Mosbcs Ihc propagative structures do 
not arrive at tto condition of alt-hongh the parent plants 
have leafy stems. Tho gemwicg of these Classes are merely cellular 
nodules, more or less developed in diflbrent cases, and only acquire 
leaves after they ha-vo become independent. In tho Jungerman- 
niacem they arc dovolhped on the leaves, or in place of fruits. In 
Marchantiacem they are found in cup-like receptacles, being espe- 
cially frequent when the plants grow in damp, shadod localities, a 
number of them (springi^ originally from a single cell) lying in 
the cup like eggs in a nest. 

The Mosses produce from all parts of their structures — 

from their leaves, stems, metamorphosed fruit-organs, and, above 
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all, from thread-like runners which shoot out from jJie base of their 
stems. When their spores germinate, they also form first a mesh 
of confervoid fifaments, each joint of which often gives birth to a 
leaf-bud (fig. 544). 

805. The Foms and allied Classes agree more closely with the 
Plowering^ plants^ m their vegetative propagation, forming leaf-buds 
in cases where they increase in this way ; but there is a connexion 
with the Mosses &c. in tho circumstance that their gemmm appear 
more frequently on the loaves than is the case normally in tho 
Phanerogamia — as, for example, in A»phninm rhizophyllum , where 
the leaves root and form buds at their tips, Cystopteris bulhifera, in 
which bulbils appear on the petiole, &c. 

806. In the Phanerogamia the rule is, that every leaf-bud may bo 
separated from the parent^ stock, and, if properfy treated, reared inFd 
a now pia^ ; mdreover, iiT a vast number of cases, theleaf-huds are 
naturally modified in cert^ain details of their structure, so as to pro- 
tect them from external injury, and then thrown off spontaneously 
by the parents to multiply the kind. Many of the cases of this 
phenomenon have been described in the first part of this work under 
the head of Morphology of Stems (§ 46 et seq,) and Buds (§ 106 et 
seq.). We have there spoken also of tho formation of adventitimiH 
liwUs (§ 109), and cited numerous examples, strongly indicating that 
relative independence of tho parts of tho organization of plants 
referred to above. 

807. Adventitious buds are formed mostly when a plant or part 
of a plant loaded with assimilated nourishment is deprived of its 
natural developingqioints. Thus we see abundant formation of adven- 
titious buds on healthy trunks of trees which have been pollarded^ 
/. e. have had their heads cut down so as to remove almost all their 
natural buds. The abundant 'supply of food existing in the tnink 
stimulates the cells of the camhiuni-region (§ 666) into extraordinary 
development, and true leaf- buds are produced, which form vents for 
the vital energy of the plant. This power exists even in the roots 
of many trees, as in Madura aurantiaca, Fyrus japonica^ &c., frag- 
ments of which in a healthy condition may be made to produce new 
plants. 

Mention has been made of tho formation of adventitions buds on 
leaves (§ 109), which has been observed frequently in wild plants, 
and is artificially induced in many cases as a means of propaga- 
tion. As a rule, leaves are less prone to produce buds than stems 
or even roots, as might be expected from the nlore actively changing 
state of the contents of their tissues, and the usual absence of any 
gr4R accumulation of etssimilatcd substanfte, su& as is regularly met 
with at certain periods in tho stem and root 

That striking characteristic of vegetables* which disnlavs itself in 
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the physiologictd independence of the leaf-buds, renders the vege- 
tative propagation of plants a most important feature in their history, 
both in a natural and, in a still higher degree, in a cultivated con- 
dition. 

A brief notice of some striking pbenomona illtistrative of the spon- 
taneous propagation of the higher plants may be given here. 

Various herbaceous plants are multiplied by spontaneously detached 
axillary leaf-buds ; of this we have familiar examples in TJlium hulbifcmm^ 
DentaHa btdhifem, and the cultivated species of Achimems, Similar pro- 
pagative buds are often produced instead of flowers in the iiiflore8cen(^e 
of the species of Attinm (Garlic &c.), both in a wild and cultivated con- 
dition ; and the same is the case with some other plants, such as Polygon 
num vimpnmm &c. 

The multiplication of hMs by " cloves,” or axillary bulbs produced in 
the axils of the scales of the parent bulbs, has l>een described in a former 
chapter ($ 47) ; and there also have been mentioned the structures called 
tubers, formed of modified stems, which are important agents in propaga- 
ting the plants in which they occur. The Totato, for instance, torms 
tubers from its branches, the “ eyes ” or buds of which may be separated 
and made to produce each a new plant ; and the Jerusalem Artichoke, 
Dahlia, &c. are similar in this respect. The terrestrial Orchids, such as 
Orcim Morw (fig. 20) &c., are not multiplied by their tubers, but only 
contimted from year to year, since only one new eye” is formed annually. 

Still more frequent," perhaps, than the formation of bulbils, bulbs, or 
tubers, is the development of leafy shoots peculiarly organized for the 
purpose of propagating the plant which bears them, commonly compre- 
neiided under the names of offsets, stolons, runners, &c. Almost every 
gradation of condition occurs here, between the divisible rhizomes of 
such plants as the Daisy, Primrose, &c., the " runners ” of the Strawberry, 
ViiUimeria, Ilydrocharis, &c., the offsets of llouse-leeks, Stratiotee, aiid 
the rosette-like stolons of JEpilobiay &c., which approach to the axillary 
bulbils of AchimetutSf and connect all these forms tvith the subterraneous 
bulbs, corms, and tubers. 

808. The artificial propaCTtion of plants by division is effected by 
a variety of^OToce^es founfed on~ tne s^e pbysiologcal laws aS 
^e natural multiplication by detached buds &c, ; it atJaoTnclu3c^ 
peculiar class of operati^s, m whicTi the now plants arc not con- 
verted into absolutely independent stocks, but are made to assume a 
pseudo-parasitical habit upon other plants, whose roots furnish them* 
with that portion of their nourishment which is derived from the soil. 

In the simple propagation, advantage is taken of the vital activity 
of the oambium-re^on tq stimulate it to the production of roots, in 
the gardening processes of propagation by slips or cutttTiys, hyers, &c. 
In the production of pseudo-parasites, as in budding and grafting, 
the woody structure^ of two distinct plants are made to become in- 
timately blended by bringing into immediate contact the cambium- 
structi^s of both, at points where the cellular tissue is in an active 
state of development. 
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809. Cuttinfis or slips are ordinarily fragments of stems consisting 
of young wood, i)caring one or more buds. These are planted in 
earth, and in soine cases require no especial care to make them pro- 
duce adventitious roots from the cambium-region, as in slips of 
Willows, and many common, soft- wooded plants. Mostly, however, 
it is necessary to stimulate the vegetative action by a slight degree 
of artificial heat, — ^in all cases, however, guarding against drought; 
so that, as a general rule, cuttings arc^ made to ‘‘ strike ” root best in 
an atmosphere where the watery vapour is confined by a glass cover- 
ing. It is a matter of indifference whether a cutting having a 
number of eyes ” or buds is planted with the head upward or with 
the summit buried in the soil, and the lower part left free. In the 
latter case, the ordinary direction of growth of aU the new shoots 
becomes reversed. 

It has been stated above, that by careful management plants may be 
raised from cuttings of roots, and even from leaves (§§ 100, 807) made 
to produce adventitious buds by artificial stimulus. 

8lb. Layers only differ from cuttings in the circumstance that 
the fragmenis io be detached are made to strike root before they are 
separated from the parent stock, — usually by bending down the 
branches and burying them in a portion of their course in the soil ; 
an incision is usually made into the wood in the buried portion, 
which causes the more ready production of adventitious roots. An 
analogous operation is sometimes practised, in which a shoot is caused 
to root high above ground, by surrounding one or more of its nodes 
with a mass of earth kept moist by wet bandages or other means. 

The artificial process of Imjimjy practised commonly with Pinks, Ver- 
benas, Attcuba, &c., is analogous to the natural propagation of the Straw- 
berry by runners. 

81 1. In all the cases comprehended in the above remarks, the 
adventitious roots are formed most readily in the vicinity of buds, 
at the nodes, just as we see them naturally occurring chiefiy in those 
situations in creeping plants, such as the Sand-Sodgo (fig. 24), Mint, 
many Grasses, &c., which root at every joint that comes into contact 
with moist soil, or in the climbing Ivy, in which the adventitious 
roots forming its organs of attachment to foreign bodies are produced 
in tufts a little below the leaves. 

812. In the operations of budding and grafting ^ the parts of the 
parent plant are not made to form roots forlnemsSivGs, so as to be- 
come altogether independent plants,' but are caused to assume a kind 
of parasitical condition, in which they stand in the same relation to 
a strange ‘‘ stock ” as they would have held to their parent if left in' 
their natural condition. The detached bud or shoot is made to con- 
tract an organic union with the cambium-re^on of a foreign stem, of 
which it becomes, os it were, a branch, deriving its supplies of root- 
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nourishment from it, and subsequently sending down in return elabo- 
rated juices to contribute to the sustenance of its fqiater-parent. 

It is important to note, however, that in the case of disfact ^ants 
thus cmnbined, they usually exercise no appreciafto mffuoncg over 

flie ednneion merel^aTOcts the' scion and sto^ in the dogrce'of 
activity of the gencnil physiological processes of nutrition &c. Scions 
grafted on stocks of more enduring character acquire greater vigour 
and fecundity ; but the products of the buds of the scion in the great 
majority of cases resemble in kind those of tlioir parent, while the 
stock continues to grow in its own way. 

The influence of the scion on the stock, whatever it may be, is rendered 
less noticeable in practice froiii the fact that its buds or branches are always 
removed after the scion has taktm,” in order to concentrate the sap in the 
latter ; if allowed to developc, the branches of the stock formeu below 
the scion mostly remain unaflected by the stranger which has settled 
above them. 

813. A certain amount of physioloppcal influence of the stock 

over the scio^is slK)w^^"^e;xi^ of horticultural ex- 

penehco as that tlic fruit of tJie Pear is smaller and more highly 
coloured w'hcn “worked on” the Quince or Medlar than when 
grafted on Pear-stocks, and is earlier when worked on the Moun- 
taih Ash. It is not clear here whether the alteration is attributable 
to greater or loss vigour of the stocks, or to an influence obstructing 
the return of elaborated sap towards the roots, arising out of differ- 
ence of texture of the wood. On the other hand^ the scion has 
been in a few cases observed, tcLaffect the stocte T It is well known 
that the variefr^f the Yellow Jr^mme with variegated leaves, budded 
on a plant with healthy green leaves, causes the gradual appearance 
of variegation throughout the whole of the foliage of the plant. The 
same phenomenon has been witnessed repeatedly in the case of varie- 
gated kinds of Ahutilon. If a variegated scion of A. Thomsoni be 
placed on a green-leaved stock, the new leaves pushed out from the 
latter become also variegated. If a green scion be placed on a stock 
of the variegated Ahutilon, the new leaves of the scion become varie- 
gated. Further, if the variegated scion be removed from the green- 
leaved stock, the latter no longer produces variegated, but only green 
leaves. A still more striking phenomenon is the production of a 
hybrid Laburnum, by grafting Cy turns purpureua upon the common 
Laburnum. The cases seem well authenticated, and will be referred 
to under the head of Hybridation. 

814. Budding consists in attaching the bud of one tree upon the 
developu^woocT of another. • . For this purpose the bud is removed 
from its parent with Sk slip of bark surrou^ng it, bearing Qn..itB 
inside a portion of the oambiUm-tiBsue existing at the lino of 
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junction of the innermoct region of the bark with thp youngest wood 
(§ 666) ; this is applied upon the surface of a portion of the cambium- 
layer of the stock, exposed by slitting its bark and turning it back 
so as to form a Idnd of pocket. The sHp of bark is inserted into 
this, BO as to bring the cambium df bud and stock into complete con- 
tact, and the bark of the stock is then carefully bound down over 
the wound with bandages of bast, tape, &c. The organiz^pg force 
resident in the cells of the cambium of the two portions causes them 
to grow firmly together. 

815. In a shoot instead of a bud is attached to the 

stock ; andlEisiscommonly cifcctod by cutting off tlio head of the 
stock (or a branch of sufficient growth) with an oblique surface, or 
with a deep notch oflering more than one oblique surface; the 
bottom of the shoot or graft is pared so as to fit accurately on the 
oblique surfaces, and in this way considerable tracts of the cambium- 
tissue and young wood are brought into contact — ^their cells, how- 
ever, being partly end to end here, instead of side by side tfs in 
budding. Union of the growing region takes place exactly as in the 
former case. 

Grafting is usually practised with young woody structures ; but 
it is also successfully applied to herbaceous plants with careful ma- 
nagement ; and some Grasses even admit of being grafted on each 
other, although the operation is generally confined to Dicotyledonous 
plants. 

What is termed InarMig^ or grafting by approach,” may be compared 
to laying (§ 810/: in this modifi cation of the process, the scion is 
brought into union with the stock by bending over or otherwise, without 
being detached from its own stem, and the separation is not made until 
the scion has “taken ” on its foster-parent &c. 

816. It was at one time ima^ned*that the annual layers of wood 
of Dicotyledonous stems grew down absolutely and mechanically from 
the buds, of which they were said to represent the roots. It was 
thought, also, that in the cases of gi afts, the scions sent down woody 
structure over the old wood of the stock, so as at length to enclose 
it. From the description given above of the horizontal development 
of the cambium- layer of Dicotyledons, it will be seen that such 
notions are devoid of all ground. Merely fiuid matters pass up and 
down in the cambium and bark, and the^ only reciprocal infiuence 
of stocMr and scion depends on the respective activities of roots and . 
foliage. 

817. The success of grafting depending on the contraction, of inti- 
mate union between the celluW structure of the two plants, it cannot* 
be found surprising that, as a rule, it is only between nearly related 
plants that such union i/posmble. ^ If the^size ot th^ elementary 

tte rapidlity or ^e exteni of their periodical multiplication 
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and expansion^, &c. are nnequal, it is evident that no permanent 
coherence can exist : a tissue growing more rapidly, would tear itself 
away from one less active. As a general rule, the elementary tissues 
agree closely in allied species, less closely in genera of the same 
Order, and are very diverse in different Orders ; so we find that grafts 
take readily on stocks of their own species, to a considerable extent 
on stocks of allied species, and to some extent on stocks of genera 
belonging to the same Order. It does not appear that genera of 
distinct Orders have ever been CTafeed with succ^^ fee W^isiti^ 
ilistletoe,liowevcr,'attaches itself by a naturalgraft to Oaks, Ai^ples, 
&c., and even to Conifenc. 

Some as yet unexplained exceptions exist to the inclination to 
union between allied genera. In some cases, also, a temporar^*^ 
union is effected, subsequently destroyed by unequal growth. 

Among the Kosaccm we see Pears grafted readily on Quinces, with more 
diificulty on Apples, and not at dl on Plums or Cherries. Cherries and 
^e Oherry-laurel readily unite. In the Oleaceie we have the Lilac qniting 
with the Ash, the Olive with PhiUyrea. It is extensively practised also 
with diverse species as well as varielies of Wwdodetidrm. The Pear may 
be grafted on the Hawi;hom ; but the former nows so much faster than 
the latter that the communication between the two becomes inteirupted 
in a few years at the point of junction. 

818. The practices of grafting and budding are principally carried 
on, like propagation by ^ips &c., for the multiplication of varieties, 
which are, for the most part, grafted on other varieties, or normal 
specimens of their own species, these being far more healthy and 
permanent than those grafted on allied species. The multiplication 
of esteemed varieties of Hoses, fruit-trees, &c. is chiefly effected by 
this means, the object being to produce specimens promising in- 
creased hardiness ike., or to obtain’ size and fertility earlier than 
could occur in a plant raised from a small cutting. 

The Peach is worked on the Plum in Britain, because the latter is a 
native of this climate and is stimulated to growth in spring hy a lower 
temperature than the Peach (from Persia ) ; it does not succ^ well here 
on Almond-stocks. The Pear seems to succeed better dn Quince than qp 
Pear-stocks in loamy soils; and other instances are well known Jitq 
gardeners. 

In addition to these circumstances, Pears, Apples, and other plants 
which may be easily grafted do not readily root from cuttings; more- 
over estee^d varieties of Hose &c. are quickly multiplied as *^8tlhdmds ” 
&C. by budding them on briar-stocks already of several years’ growth ; 
and, m the case of new seedlings of fruit-trees, buds inserted on full- 
grown stocks ore brought to flower and fruit in a few years, while, if left 
to grow up into trees alone, twenty years or more might elapse before 
th^ bore a crcq>. 

Certain phenomena grafting which are observed in practice cannot 
be fully ex{dained by our present knowledge, but doubtless depend on 
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causes similar to those just adverted to; among these are jhe facts that the 
Orsnge succee^ better on a Lemon stock than on one of its own species, 
while the Apricof does better on it||ewn species than on the Plum, &c. 

The influence of the physiolomcal conditions of the stock upon the 
scion is turned to account by garaeners in producing a dwarfer habit” 
and an earlier and more profuse production of fruit'. Thus Apples grafted 
on the low-growing Paradise stock ” assume the dwarf habit of the stock 
and become more prolific. So Pears on the Quince-stock not only are 
dwarfed in size but produce fruit much more abundantly than when 
grown on their own roots or grated on another kind of Pear. Gardeners 
often practise ennobling” fruit-trees, where buds and grafts are attached 
imon stocks of good varieties of the plant in preference to wild stocks. 
Thus Apples are said to be much superior when ;; rafted on stocks of good 
vtirieties instead of on Crabs &c. ; and a kind of crossing ” of the qualities 
of Yari()ties has been attempted on this principle, grafting kinds which 
bear sickly-flavoured Apples upon stocks of rougher varieties. Jargonelle 
and “ mellow” Pears upon later, gritty varieties, &c. “ Double grafting” 
is done when it is d(!sired to secure a particular kind of fruit which will 
not unite or graft with the ordinary stock ; thus a Pear may be grafted 
oil a Quince-stock, and on tlio scion may be grafted another Pear, which 
will not unite directly with the Quince. Further details on the su^ect 
of grafting, a most important and interesting one, must be sought in hor- 
ticultural works. 


Sect. 2 . Sexual IIepboduciion. 

Preliminary Observations, 

819. In almost all plants the greater part of the active existence 
is passed in the development of vegetative organs, increasing the 
bulk of the individual, or occasionally also accompanied by multipli- 
cation of the plant by mere subdivision into parts. But at certain 
epochs another tendency manifests itself: the energies of the plant 
become concentrated in the formation of what are c^led reproductive 
organs, for the purpose of producing and maturing those independent 
germs of new individuals of the species, called spores and se^. 

The formation of reproductive structures bears a very interesting rela- 
tion to the vegetative development. Generally spewing, the repro - 
ductive Qjy oply formed when lEe VegS^tive strucTures ha^ 

ficome heflthlly deyelopeji so ^ to accumulate a certmn amount ofassS^ 
milaied^ meter m the simtance of the plant ; we observe that many 
garden plants grown in imfavourable soil in shady localities &c. will not 
^flower ; and the number of years that elapse betbre the flowering of such 
plants ai^ the Agave, Taliput Palm, &c. varies with the more or less 
mvourable climate and sou ; moreover in ordinary cases the flowering 
takes place at the dose of the season of growth (except where the flowers 
emerge from buds provided for by the previous year’s vegetation, as in 
Apples &c., in biennial and many perennial herbs;. This indicates that 
vi^ur of the vegetative organa is a necessary condition of reproduction. 

Further, mroduefan is an exhausting process i it kills annuals^ and 

excessive exhausts perennial piuiis. 
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At tlie same time the reproductive tendency, and the vegetative ten- 
encv appear coutrasted an 





voloped at certain epochs from structures origimuly bcloiieing to th 


gg^ative system^ th^ are formed in special orgyis. In the 
lower Algse we ^ nd Hie ceUs, as those of the filaments or (Edogonhm 
(fig. 585), or Spirogyra (fig. 405, a), originally true vegetative cells, 
and at a certain stage of growth resolved into reproductive cells and 
producing sjnrre^ from their green contents. As we rise in the scale, 
among the Thollophytes, we soon find s])ecial cells {reniciUium ttc., 
fig. 408), or groups of cells, exclusively vegetative or exclusively 
reproductive. In the higher CWptogamia, assemblages of organs 
of various kinds arc formed upon the stems, in which are ultimately 
ripened the spores of tliis group ; while iii the highest Class, the 
Phancrogamia, wc meet with flowers containing stamens and 2 )istils, 
ultimately producing true se&h in fruits which are totally separated 
in almost every case from the vegetative structures. 


3^he spores of the liigher Ciyptogainia (Feins, Mosses, &c.) cannot be 
properly companMi to the seeds of the Flowering plants (that is, raoi*- 

S hmogically), since they result from a series of physioloincal processefr 
ifiureht in many respects, as will presently be shown. With regard to 
the spores of the'Thauophvtes, our knowledges is too imperfect at present 
to enable us to decide upon all the homolc^es ; the probable relations of 
the di^rent kinds of structure will be incidentcdly spoken of in the next 
Section. 


821. It is probable that representatives of two sexes, male and 
female, exist in all plants, and that these eonjoin to form the rudi- 
ments of the new individuals of all Cryptogamia, as they do in the 
formation of tho embryo in tho seed of Flowering plants. But in the 
Thollophytes the male and female organs are often reduced to simple 
ceDs, “ sperm-cell” and “ germ-cell ; ” these being associated, often 
in the same plants, wuth ^^gonidial” cells (Algsc, Fungi) for vege- 
tative propagation, the exact particulars and homologies are still 
obscure in many families. 

The history of reproduction of plants has been greatly studied and 
much enlarged in late years ; many important discoveries have been made 
in all Classes; and the course of the processes in Phanerogamia and the 
Leai^ Cryptogamia is now pretty wml known. Much still remains to 
bo disc|ci>«^ed in reference to the lhallophytes, especially the Lichens and 
Fungi ; hut in the Algos the processes or fertilizalion of germ-cells by 
spermatte corpuscles haws been observed more clearly and decisively than 
in any other plants. 
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Sect 3. Ebpeoduction op Thallophttes. 

Fungi aitd Lichens, 

822. The various forms of reproductive organs met with in Fungi 
have already been described at p. 445. y ost <^f them seem to be 9 f 
the nature of buds i or if trub^sexual. their onerflion has not vet been 
ascertained. Tlie ^-called ^nQievwia the spermaiia have not 
been proved to be sexual organs. The phenomenon of i?onlugatioii 
in i^izmjites and the process of fcrtilizatiou in SaprolegnioasT^ 
genuine process of impregnation takes place, have been described at 
]). 440. Similar phenomena have been described in Permiosmra 
n^iid In these plants there branches^^ at 

the end into a large globule or oogone, and male branches terminated 
by an ovoid extremity, duttenod at one side and applied to the oogone. 
This aiitheiidium emits a slender tube which pierces the wails of the 
oogone and reaches the central mass of protoplasm in the interior ; 
and file latter, as.- a result of the contact, becomes invested with a 
cell-wall and forms a spore called an oospore. 

The little that is known of the reproductive process in Lichens is 
alluded to at p. 442. 

Algte, 

828. This group takes a far more prominent place in the iirescnt 
S(’ction, from the fact that organs to which a sexual functiou may be 
attributed have not only been observed in almost all its members, 
but the proct^ss of fertilLzation of the germ, the impregnation of the 
cor])uscle produced by the female, has been directly observed in 
several of the Orders, namely lUiodosi>crmem, Fucacem Confervoidero, 
Diatomacea) and Volvocinem. ’ * 

824. The Oscillatoriacea) (p. 439) arc at present only known to 
increase by division — that is, vegcUtively ; the Phoeosporeac (§ 548), 
again, are only known to propagate by liberation of zoospores 
from special cells of the thallus. The Dictyotacem and the Ehodo- 
siiermcjo produce a peculiar kind of vegetative offset called a tetra^- 
spore (§ 54(5), a body formed mostly in special localities or in groups, 
and consisting of a parent cell divided into four chambers, the con- 
tents of which, when set free from the parent plant, grow up at once 
into a new thallus. Besides the tctrasporcs, they have spores and 
miiherulia. The antheridia produce minute, ultimately free vesicles, 
spermatozoals or aniJierozoidsy according to Thuret devoid of cilia 
and motionless ; Derbes, however, asserts that he has observed them 
moving like undoubted spermatozoids. The antheridia are generally 
found in distinct plants from the spores^ and the tetraspores in a third 
series of forms of the same species. * 


2i) 
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. 825. Whcro ^he sexuality of the Algas has been ascertained, we 
meet with the process of fecundation under three different forms, and 
these forms in subordinate modifications. The three forms of the 
process ye : — Oomugatwn ^ or complete union or u sperm-cell and a 
^nn-^cellToriginally iin Xstinguis^ablc from each other by visible 
structure, occurring in Diatoiiiacem and some Confervoidem ; Fecun^ 
datum of miked get^m-eorpuseks ciliated syermatozoids, which in 
the Conrervoidoffi occurs within thie parent ^11 of tlie spore, and in 
Pucaccm after both the gcrm-corpuscle and the spermatozoids have 
been cast off by the parent ; and Fecmdal^on of naked gBrm--cdh hsi 
motionless ovoid or globular mormaUizoidst thronMh the medium draWt- - 
^tTui>eor triclioggn^ as in iiliojospormca). Tlic iniT^rtahce of these 
^cnomena to toe whole theory of reproduction in plants renders it 
necessary to give a particular account of the processes as occurring 
in certain well- ascertained cases. 

820. In Diatomaeoap ( including the Diatomecs and Desmidiecn^Ww. 
ordinarymode of multiplication of the plants is vogedati vo j)ropa<j:ation, 
hv divisian . resulting cither in the formation of connected families ” 
of cells 402, c) or of an increased number of separate cells, 
or by the e-xtrmion of zoospores^ which are developed into new cells 
or cell-families (fig. 402, n, ay This kind of propagation goes on 
actively for a time under favourable circumstances ; and the mere 
“ division,” at least, may be compared to the vegetative development 
of more complex plants. 

lint at certain epochs this mode of increase is exchanged for another 
kind, in which we have (^operation of two oripinally distinct cells to 
produco the new one, indicating thatTt Ts a pheh^imon of^ sexual 
repr^uctlouTwliilc at the same time there is no external evidence of 
difference in the concurrent cells. The genus Vlostei'ium (fig. 402, 
n, c) is multiplied vcgctatively^^by division, or fissijiarous proi)agation ; 
at certain stages of -existence, however, the cells which appear as if 
about to divide approach in pairs, and, a fracture of the external 
cell-membrane having taken place at the usual line of division, the 
contents of each cell, bounded by a primordial utricle, escape, come 
into contact with each other, and become confluent into a mass which 
assumes a rounded form (fig. 402, u, d). This round body becomes 
coated by a cellulose coat, and ultimately by a second, more internal. 
Its contents change from a green to a brown or yellowish colour ; 
and the globular cell remains after the two empty parent cells have 
decayed. This globular body^ which passes through a stage of rest 
before germinating, is sometimes called a sporange^ not a simple 
spore, since its contents appear to become segmented and divide into 
a number of independent germs when the structure recommences 
active development. , 

An anuogous conjugation of two cells takes place throughout the 
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Lesmidtecf, and it has also been observed in •DiatomeoB ; in all 
cases the product is a resting sporangial cell or fmstulc^ i. e, a cell 
possessing more than one firm coat, which produces two or more 
germs when about to throw off these coats to devclope into a new plant 
of the form of the parent. 

Conjugation exhibits many minor variations in the groups of Desmidieoi 
and IhaUmieoi ; but it is necessaiy to restrict ourselves here to a general 
account of tlie process. 

827. hx Spiroinfm (fig. 465, A, /i), Zw n enia^ and one of two other 
genera o7 jiamentaus Udniei^oTcls orJimiry growth by c^I-cjivision 
IS exchangi^ ibr a process of co njugation at certain opocEsTTwo 
filameiiis, lying side by side^' (ng. 4()5^ a, 6), exhibit papillary 
clcvatioTis of tlie cell-walls on the sides next their neighbours; 
tlu^se processes elongate until they come into contact; they then 
adhm'e, and tlie septum formed at the plane of union becomes 
absorbed, so that the two cells become conueeted by a tubular pro- 
cess, a kind of istlimua. Tlie contents of tlie cells meanwhile retract 
themselves from the*, wall, lose tlicir spiral appearance, and become 
condens(^d into a mass ; then, in some cases, the whole contents of 
one ctdl travel through the isthmus into the opposite cell (c) ; in 
others, the? contents of both pass into the isthmus, which expands 
into a globular cavity in the middle. In either case the contents 
of the two cells become c<3ml)med, and they form a globular or ovid 
spore, which prodncjes two or three firm coats, enters a stage of rest, 
and nmiaiiis after the parent filaments have decayed aw'ay (fig. 465, 
A, d). After a time, usually in the spring succeeding the formation 
of tlie spore, this germinates, bursting its coats and sprouting out 
into a now filament like the parent (fig. 405, a, e). 

This conjugation of Spiroffyra and its allies has long been known, and 
was without a parallel for manv years'; as stated above, an analogous 
])roces8 occurs in IHatmnvfv and and it is essentially related to 

the processes of fecundation by spermatozoids next to be desenbed. 

828. The history of the fertilization i n Wogonium is one of the 
most curious points in the whole range of ^getablc physiology, es- 
pecially so as regards the male organs, which undergo a complex 
course of development as follows. On the same plant that produces 
the female spore, or in somo species on another individual, are formed 
special cells called “ microgonidia ” or “ androspores.” The office of 
those cells is to produce ultimately antheridia, in which latter sperma- 
tozoids arc formed. The androspores are formed in the ordinary cells 
of the plant, and escape from them by rupture of the walls of thei 
parent cell as an ordinary zoospore would do, and like it they swim 
about in the water for a time ; but while an ordinary zoospore after 
a time germinates and forms a new thaUusf the androspores attach 
themselves to the sides of the female^ spore or sporangium. 
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In this situation they grow into a sort of prothallus ; the lower 


'Fig. 5S0. 
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part becomes dilated or pear-shaped, while 
the upper extremity devclopes one or two 
small cells one over the other. These arc the 
anthcridia ; and in each of them is |6rmcd a 
spermatozoid, the fecundating body. Those 
latter, when niaiuro, are ciliated and butt 
against the top of the anthendium, and at 
length cause its detachment in the shape of 
a little lid. In this manner they escape from 
the anthcridium, move about for a time in the 
water by means of their cilia, and ultimately 
pass into the femalo spor(i through an opening 
previously si)ecially ])repared lor its passage 
in the summit of the female spore. Hen? the 
spermatozoid comes into contact with a quan- 
tity of colourless granular mucilage formed 
in that situation luior to fecundation, tho 
distention consequent on which seems to ac- 
count for the formation of the aperture 
tlu’ough which tho fecundating body passes. 

Tho spermatozoid touches tho mucilage, or 
cvoli penetrates it to some extent, and becomes 
blended with it and thus fertilizers the spore, 
which subsequently becomes invested by a 
cell- wall in the ordinary way. 

829. Vaiuiheria is a genus of filamentous 
Confervoid Algro, in which the long hraiiched 
filament consists of a single enormously de- 
veloped cell. This i)lant is c(»mmonly i)ro- 
pagated by a peculiar kind of zoospore dis- 
charged from Ibe thickened end of tho fila- 
ment or of its branches. But at ocu’taiu ei)och8 
lateral structures arc developed at the sides 
of the filaments, as branch cells, which be- 
come shut off from tho maiu tube ])y septa; 
some of these processes expand into ovate and 
beaked or bird’s-head-shaped bodies, others 
into short curled filamemts or “ horns.” The 
former are sporan/jes^ the latter anthericHa. 

When ripe, the anthcridia or “ horns ” dis- 
charge their cell-contents in the form of 
numerous spindle-shaped corpuscles, moring 
actively by tho help of a pair of cilia. Meanwhile g,n orifice "is 
formedlift the beak of the sporange, and some of tho spermatozoids 


m 


(Edaffnttiifm rititffuw : A.nnli- 
nary cislls, in I'nfh of which 
a anoHporf ('E') is fMrmc<1 ; 
C, C, 8|N>ranc;ia : U, I), iin- 
drogporcs, on<‘ hearing nt a 
an anthcridium, Ihc lid of 
whii‘.h ig detached ; D, ex* 
tnunity of the plant. 
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make their way in, so as to come into direct contact with the cell- 
contents. Thi^ phenomenon is followed by the closing-up of the 


Fig. 540. 



VaiiekerM : A, A, upormatozoids ; B, C. horn-like antheridinm ; D, D', q^oranges; 

E, spore. 

sporango by a membrane, and the conversion of its contents into a 
fertile resttnr/spore, 

830. Spluerophui is another genus of hlamcntous Gonfervoids, 
composed of rows of cylindrical cells, in which fertilization of the 
rcsting-sporcs by sijcmiatozoids has been directly observed (Cohn). 
In some of its cells the contents are converted into a number of 
globular bodies, in others the contents are developed into numerous 
spermatozoids. When mature, orifices are formed in walls of the cells 
of both kinds ; the spermatozoids escape from their parent cell, and 
make their way in through the orifices of the parent cells of the 
spores ; the latter when fertilized produce their cellulose coat, and 
ripen to resting-spores, which are set free by the decay of the parent 
filaments. 

Analogous phenomena have been recently observed in various other 
filamentous Gonfervoids, as in QCdoffo7iium, liuJhochofte i and Cohn has 
lately described a similar process in Vdvox, 

831. The mode of fertilization in the Morideae ( S 540) or Red Sea^- 

weeds, has boon well ma^e out by JitM. 9?Iiuret and Bomet, who thus 
describe the process in Ifelminthora. A small cell, originating on 
the side of one of the dichotomous filaments of which the frond is 
composed, elongates, divides transversely, and becomes a short 
branchlet made up of four superposed cells, of which the uppermost 
alone continues to develope. Shortly there may be seen projecting* 
from the summit of this uppermost division a little protuberance, 
which gradually lengthens into a long hyaline hair, often dilated at 
the extremity, This is the or essential organ of fertili- 

zation When tho spermatozoids (lieire globular an^^otionlesB) come 
mio^ntact with the uppOr part of this halt they adhere to it. Then^ 
the cell which forms the base of ^e trichogyne swells and divides 
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into Bogments, and is soon transformod into a small cellular mass, 
which gradually forms the young “ cystocarp ” or irniss of spores. 
The trichogyne gradually disappears. In CaUithamnwn the aggre- 
gations of spores called favdlat (§ 54G) arc formed from the side, 
not at the base, of the trichogyne, in consequence of fecundation by 
the antherozoid. Here, then, we have motioiilcNs antherozoids 
formed in the antlieridium of one plant, escaping and coming into 
contact with the free end or stylc-likc process of another plant ; and 
Jis a result of this contact, the cell at the base divides and subdivides 
into a mass of spores. 

832. The observations made by Thuret on Fucaccm a re ver}" de- 
cisive. In this Order the conteptavles (§ 547) produce in tlu'ir in- 
terior bodies of two nntheridia (lig. 404, r) and xpove-mv^ (fig. 
464, e), either together or in separate con(‘eptaeles (inoinecious), or in 
separate plants. The antheridia discharge 2-ciliated spermatozoids 
(fig. 464, d), which are poured out 
through the pores of the receptacles 
(fig. 464, a) into the surrounding 
water. At the same time the 
spore-sac (fig. 464, e) bursts and 
emits an inner sac (fig. 541 , «), in 
which may bo observed 2, 4, or 
8 (a) spherical corpuscles, destitutes 
of a cellulose membrane; this inner 
sac breaking loose, bursts and dis- 
charges its corjiusclcs, which, like 
the spermatozoids, pass through the 
pores of the receptacle into the 
water. Hero they become sur- 
rounded by a cloud of spermato- 
zoids (fig. 541, b) wiiich attach 
themselves to the surface, and by of 

a, innpr Hporr-sne litirHiinp from 

tneir ciliary movement cause the th<>ouu*rBiioand'Mbi>utt(>ui>(fratcthp>-i>oroB; 
Bpher^ to revolve. In the course 

Ot a tew minutes, usually, a col- apon.* with acclluloHPCoat; (I, the aaniB Kcr* 
lulose membrane is formed upon ico diametera. 

the surface of the globular corpuscle (by secretion from its pri- 
mordial utricle?), and it becomes a cell (fig. 541, c), which sub- 
•soquently germinates, growing by cell-division (fig. 541, d) into a^ 
new frond. 

' These observations upon the fertilization of the gru'minal corpuscles of 
the Algsa are of extreme interest, both as offering examples of the process 
of sexual coi^unction of the simplest kind in plants, and as affording, like 
the development of zoospofes (§ 698), beautiful illustrations of the &oory 
of frae-cell focination (§ 697) by th^ production of a cellulose coat around 


Fig. 541. 
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a naked primordial utricle after it has been completely separated from the 
parent, — a ph(moineiion never met with in the higher plants, where this 
kind of cell-formfCtion can only bo observed in the interior of the parent 
structures^ as in the embryo-sac of the Phanerogamia. 

833. In 4ho conjugating Algin wo observe the now cell to be 
I)roducod by the complete union of the entire contents of the spore- 
ccll and germ-cell, which arc undistingiiishablc from each other. In 
the other kinds cited, tlie contents of the gerin-ccdl become converted 
intoiono or more globular corpuscles, rudimentary spores ; w^hilc the 
coni cuts of the s])erm-co]ls are developed into numerous minute cor- 
puscles, usually of a spindle-shape (not spiral), moving actively by a 
pair (?) of cilia. The eorpiisclcH of the gcmi-cells acquire a cellulose 
coat and become cells ; the spermatic corpuscles disappear after they 
come into contact with the nascent spores, either dissolving or becom- 
ing absorbed into the substance of tlie Latter. 


Sect. 4. llKPKonnoTioN ok AN(siospnRj«, OR Leafy Oryptogamia. 

834. The reproduction of the Orders included in this division pre- 
sents hut one common character, tiamcly the representation of the 
spcrm-eell by aniheridial cells, whose contents arc discharged in j;hc 
form of 8j>irally coiled filaments moving actively in the water by 
means of two or more ciliary appendages. In the majority of the 
Orders the female organ occurs in a form somewhat analogous to 
the ovule of Phanerogamia, calliMl the archef/onium (or pistillidhim), 
which gives rise, however, to very different products in the different 
groups. In the Cliaraecne there is no distinct archeyoninm, the spore 
being directly fertilized and growing up into a new plant ; yet as 
this si)ore jn’esemts the external characters of an arckegonium, and 
the antheridia arc spiral, the Order is clearly referable to tiie present 
division. 

In the Gymnosporae the fertilization of the germ-corpuscle is followed 
by its conversion into a spore (Spirogijra, Vaucheria)^ or into a cell which 
may he called a ftporamfial cell on.accoimt of its contents undergoing divi- 
sion into a number of new germs when it begins to grow (Closterium, Bid- 
bocheote, &c.). In the Aiigiosporie (excepting Ohara(*ece) the relations 
of the spores to the proper sexual structures aro more distant and very 
diverse, the course of development being much more complicated. 


CJiaracecB. 

835. The reproductive organs of this Family arc very distinctly 
charaotcruEed, and borne in a conspicuous extiemal position. The two 
kinds, male and female, called respectively the ghl^le and the nueide. 
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occur either together on the same branch of the plants on distinct 
branches, or on separate plants. , 

836. The qhhde, or antliendhm^ is a spherical case composed of 
eight (trian^ilar) segmental pieces, each of which is formed of a 
number of cells radiating from a central one ; all these have red 
or orange contents, imparting a colour to the globule os seen in 
its natural condition. From the central cell of each valve projects 
inward an oblong cell ; these eight cells meet in the centre together 
with the ajiex of a flask-shaped cell which enters the globule at its 
base, forming the pedicle by which it is attached to the branch. 
Where these nine cells meet in the centre is found a little cellular 
mass, from which arise a number of slender jointed filaments. When 
the globule is mature, its valves separate, and each carries aw’ay its 
central ccU bearing a tuft of the jointed filaments. The cells form- 
ing the joints of these filaments are then seen each to contain a 
minute spirally coiled thread, which makes its way out and appears 
as a 2-ciliated actively moving spemuitozoid, resembling those pf the 
Mosses. 

837. The mmle is a somewhat anomalous organ, presenting at 
first the characters of an archegonium, and afterwards those of a spore. 
It consists essentially of a large oval cell surrounded by a double 
coat and, outside this, by five spirally coiled and intimately connected 
cortical laments. The five spiral cells terminate at the summit in 
five (or ten) teeth ; and it appears that these teeth separate from each 
other at a certain epoch, leaving a free passage down the centre, to 
the wall of the central cell. In this state we may compare the 
stnicture to an arch^goniwn, or to an ovule of Phanerogamia. It is 
supposed that spermatozoids from the globule pass into the canal be- 
tween the crown of teeth of the nucule and cause it to become fertile. 
The product, however, of the fertilized central cell is not a free embryo 
or a spore, but it becomes itself the first ceU of the now plant, like a 
spore. After fertilization the nucule drops off from the parent, passes 
through a stage of rest, and in the following season germinates like 
a seed or spore and grows up at once jnto a new plant. Fringsheim, 
however, states that the spore developes a true prothallus like that 
of the Mosses. 

In favour of the supposition that the young nucules are impregnated 
while the apical crown of teeth is open, we have two circumstlances, 
‘ namely that the spermatozoids are aischarged from the globules at the 
same period ; and, secondly, that when the nucules are ripened in autumn, 
they germina te in the following spring, at an epoch when no spermatozoids 
^'in e:dstence. 
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Axogamia, 

838. Under this title we in- Fig. 542, 


elude theLivci^vorts andMosses, 
on account of their sexual or- 
gans, essentially similar in kind 
and mode of development, being 
ill all cases developed upon the 
axis of the p(^^fect leafy plant. 

Both Liverworts and Mosses 
produce authf'vidia nnd nrehe- 
f/onia, either on the same plant 
or on distinct individuals. There 
arc minor differences of struc- 
ture in the different groups of 
these Orders, some of which 
may be briefly described. 

830. The anilteridla of the 
11 cpaticai (and with th(*se agree 
the same organs of Sphagnacejc) 
are ellijitical or globular sacs 
(fig. 542, c) formed of a single 
layer of cells ; they are found 
imbedded in the fhalloid sb'm of 



Anthpriclln nnd fm;hpcnni» &c. of Hepaticie: ct, 
voptifttl soi-tioii of tne infloreBi-encti of Radula 
eompiatntffi^ with young (nxiUHry) anthcridia nnd 
(14‘niiinfih :in‘h(‘gouiii, magn. 50 diom. ; 5, vt'rtical 
st^ciion of an nrohtigoninm, with germ-corpuselo, 
of Jnnffciriitaimiii divarieafa. mngn. 250 diom.; 
c, iinni'aturf nnthpridiuin of RadiiUi eompfitnnfu 
(vert. 8i*c*lion), magn. 25(> diom.; <f,Bpermato- 
zoid : p,imi)mt.iir(‘ fruit, with surrounding rpigoiie 
ond two nhorlivo arohpgoma (PP) of Pudti/cbcom- 
planaia (vert. Muution), magn. 100 diam. 


Jiicna.Pvllia, <fcc., or in tne sub- 
stance of the (male) receptacles 
of Marchantla (p. 425), or on 
stalks arising from the frondosc 
stem, in Foi^somhronm, and in 
theaxilsofthelcaves in the foli- 
accous kinds iiti Jvngermfim} tern 
(fig. 542, f/). The int(*rior of tlio 
sac is filled with minute roundi.sh 
colls, at first coherent, hut ulti- 
mately free. These (the sperm- 
mlh) escape by the rupture of 
the sac of the aniJiendhim, and 
each of them emits a 2-ciliatod 
spiral spermatozoid (fig.542,</). 

840. In the Mosses the an- 
tlieridia are larger and more 
elongated and cylindrical sacs, 
not stalked (fig. 543,5); they 
arc found in the axils of leaves, 
sometimes scattered, but more 
frequently collected in axillary 


Fig. 543. 






Anthpridinm, archegoniiim, &o. of MoBnes: a, yer- 
ticfd Hpution of aronegonium with gcrm-coll firom 
PhatfCHm cuspitlatinn^ magn. lOOdiam. , '5, anthe- 
ridium of Pwjftrirhvm conimune, bursting to diB- 
choi^e n)ermatozoidB, magn. 25 diam. ; e, sperm- 
cell ana spermatozoid or the same, magn. 200 
diam. ; spermatozoids of the same, magn. 400 
diam.; e, immature fruit of Phateum ^oidei 
(yertieal section), e, cfJyptra, v, vaginule, masn. 
40 diilku. 

2 D 5 « 
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or terniinal bud-liko structures {h\flore8cence\ cither with the archo- 
gOTiia, or in a monoecious or dioecious condition. The antlieridiul 
sacs arc filled with a. tissue which is ultimately resolved into sperni^ 
cdhy which are discharj^cd by iht5 bursting of the sac (fig. 543, />) ; 
and when these escape (fig. 543, (j)they in their turn emit an aclh o, 
spirally twisted, 2-oiliated spermatozoid (jl). 

The antheridia nod fspermntazoids of Mosses may he readily observed in 
Pdytrichum commune, the male plants of which form their “ tlowers 
(jstcUulfc ^nascnliti€c) abundantly on every heath in spring. 

841. The archcffonia are very much alike in Hcpaticav and Musci, 
being flask-shaped cellular cases, with a long neck (fig. 542, a, h; 
fig. 543, a), found generfiUy scv<jral togcth(jr, comnionly at the ends 
of shoots, sun'ounded by modified IcJives, wdiich receive special names 
(pp. 421, 423), forming a kind of perianth. In Anihoceros the archc- 
gouium is formed in the substance of th(^ thalloid stem. When 
mature, the archegonia exhibit in their basal cavity fi ffcrm-cmpmclc 
■(fig. 542, h ; fig. 543, tf ), which in all probability is fertilized by the 
passage of spermatozoids down the canal of the neck of the flask- 
shaped body. In any ease this corpuscle is converi^ed into a cell in 
one of the archegonia of a flower, the rest remaining barren (fig. 
542,jp,j?), 

IJofmeiater has observed spermatozoids actually within the canal of the 
archeffoniumf in Funariu hytfroituinca, M. Lortot has not only assured 
himself that these active apind cor|)uscles dcl^ccnd by the neck of the 
archegone until they reach the central cell, but he states that he has 
witnessed the manner in which the latter is fertiliziKl by the moving 
spirals. Fecundation is effected by the contact of a certain little vesicle 
which the spermatozoids carry at the sitle of their swollen extremity, 
which vesicle contains some six or eight amylaceous corpuscles, and 
increases very much in size at the moment the ])rocess is accom- 
plished. M. Lortet has r(*peatod, in the vegetable kingdom, the experi- 
ment formerly made by MM. Dumas and T^revost with certain animals, 
lie suhmittfMl the fertilizing liipiid of tlie Vreima commidnta, containing 
the antherozoids, to filtration, and found that the t1ii(‘k juice which 
passed through tho filter was incapable of rendering the plant fruitful, 
whilst the matters retained by the filter, which swarmed with sporma- 
tozoids, rendered fdl tlie archegones fertile; this was proved by applying 
the contents of the filter, by means of a soft brush, over the icmalo 
organs. M. Lortet has, moreover, remarked that tho cilia of tlio spermar 
tozoids terminate, like the antennie of sevoral insects, in a little cxpansioi^ 
or swelling. 

842. When the germinal cell is fertilized, it begins to grow by 
■ cell-division, and forms a cellular body which causes the expansion of 

the orig^al wall of the archegmium (fig. 542, e). After a time, this 
wall gives way, in the Mosses by a circumscissile dehiscence, so that 
the upper part is carried upwards (fig. 543, e, c), afterwards becoming 
the caiyptra (p. 421), while the lower part (fig. 543, v) remains as 
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the vaffinule (fig. 459, c). In the Hepatica^he sac o£ the archegonium 
is usually ruptured in the upper part, and there is no ciip-shapcd 
calyptra formed, the sac becoming ultimately the envoi .)pe, corre- 
sponding to the vaginule of Mosses, hero often called tlie epigone 
(p. 424, fig. 400, B, a). 

The central cellular body (fig. 542, e) undergoes very remarkable 
changes : by degrees it exhibits different strata and regions, and in 
the most perfect forms of this Class ultimately rises out on a stalk- 
like process from the vaginule (fig. 543, v), and becomes a »poran~ 
gittm or capsule, filled with spores (pp. 420-425). 

The mode of development of tins spores, which are simple cells with a 
double coat, or a proper c(ill-meinbrane covered by a distinct cwticukir 
(§ 03S) layer, is bricdly as follows: — In the cellular rudiruent of the cap- 
sule, concujiitric layers of th(j jiarenchvma become differently metainor- 
pliosed: I he outer layers form the walls of the capsule and the sporaiigial 
immibraiio below, contiiiiioiis with X\\Ci peridome (p. 421) above; the cen- 
tral mass (ill Mosses) is developed into the columella: the intermediate 


Fig, 544. 



’Oermination of the Bporce of a Mobb (Funaria hjfgromstnea): e, eporo sproucing; d, more 
advanued, and the Hrnt cell diyided ; a and b, nascent leaf-buds on the conferroid proto- 
noma. Magn. 200 diam. 

layers, which produce the spores, after multiplying to a certain extent,* 
form free cells from the whole contents of each ceil ; the walls of the ori- 
ginal or parent cells dissolve, and a cavity is formed; in which the free cells 
(parent cells of the spores) lie loose. These tells l^ome divided into 
four chambers by septa ; and each of these chambers (social parent cells of 
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the spores) produc;ps a sinffla^free cell from its whole contents. The last- 
formed ceUs, set free by the solution of their mother cells, are the spore- 
cells, which when ripe are found coated with a cuticular (ayer, often more 
or less marked with points or reticulations, like pollen-grains. 

In the subsequent history, another kind of propagation takes place. 
When the spores germinate, they produce a confervoid structure (pro~ 
tomma, fig. 644), from difieront celLs of which are produced a number of 
buds (a, b)f each of which grows up into a new fea^ stem, forming a 
tufted group of plants, which after a time fructify again by antheridia and 
archegonia. 

ThaUogamia, 

843. In this group of Flowerless plants wo meet with a curious 
displacement of the reproductive structures, which do not occur in 
immediate connexion with the morphologically perfect plant, but on 
a temporary structure produced by and cast olf by the leafy stem. 

Ferns and Equisetaccm, unhke ns they arc in their complete fonns, 
agree so closely in their sexual reproduction, that, like the Liver- 
worts and Mosses, they may be described together. liotli ^heso 
groups arc characteiized by producing but one kind of spore, deve- 
loped in sporanges, more or loss intimately connected with the 
foliaceous structure (pp. 414, 417). 'When these spores are sown, 
they germinate by emitting a tubular process (fig. 645, «), which by 
c(*ll-di vision (b) enlarges into a small, gi’ccn, Icaf-liko plate, some- 
W’hat like the frond of a Liverwort, called protlialUxm (c). This 
is capable of supporting itself, having filamentous rootlets ; and if 
the changes next to be described do not immediately take place, this 
prtifhallium often propagates vegetatively, now prothaUm budding 
out from its base. 

When completely formed (c), this stnicturo exhibits on its under 
surface cellular papillary bodies of 'two kinds, which arc the 
theridia and archerjonia : the former are scattered over the whole 
surface ; the latter, less numerous, are chiefly found in the thickened 
central region, from which the rootlets arise, especially between this 
and the anterior notch. 

844. The antJterkUa are structures composed of one cell (or two 
superposed), developed from the lower free face of one of the ceUs 
of the prothallium (fig. 645, e, /). In the interior a second cell is 
fonned, the contents of which bocjome segmented and developed into 
a number of minute vesicles, the sperm-cdls. When ripe, the top 
of the anthcridial cell falls' off like a lid and the sperm-cells escape 
(h) ; each of these emits a spermatozoid (i, Jc), differing in form from 
‘that of the Mosses and Liverworts, and having numerous cilia. The 
spermatdzoids are, nioreovcr, provided with a mucilaginous vesicle, 
which is'^sopposed to bo^ of consequence in the process of fertilization. 

845. The archi^onia are developed on the sameprothallium os the 
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antheridia in many Ferns ; the Horse-tails appear to he dioeciouB, 
arrhegonm having been detected only on disimct prothallia. The 
extqrnal structure is a papilla formed of four collateral tiers of cells, 
with a canal running clown the central intercellular passage (fig. 545, 
7, m, n, o). The papilla projects from the lower surface of the pro- 
thallium ; and when mature its canal has an open mouth (n). The 


Fig. 545. 



Kfprocliietion of Forns; a, Rornimating; ft, more odvancod (magn. 50 dinm.); e, full- 
grown proihiilliiim, with archegouia (lower siirfneo); vortieal section of the central 
region of a nrothalliuin, passing through an arehegonium ami two antheridia; e, two 
antheridia (side view); /, antheridia seen from above; .7, antheridiiini burst (side view); 
ft, Bperni-eell from antii(!ridiiim ; #, apemiatoanid I'scaping from sperm-cell (mngn. ;1U0 
diam.); k, front view of a 8]iermatoaoid; /, vertical seriion of a young archegoni'uin ; w, 
more lulvjiiieed; w, still older, with the canal o|H*n, and an embryonal corinisclc in the boo 
(magn. lou diam.); o, view of tlie mouth of an arehegonium, from above; jj, vertical sec- 
tion of nn arehegonium with the embryo in course of development in the soe ; 7, the same, 
more advanced (leas magnified); r, vertii^ section of young plant, more advaniH'd, with a 
fragment of the protlialiium (magn. 50 diam.); #», f, young plants of lHeri» »errulata^ with 
their first and second leaves and adventitious roots, still couiiected with their proth^lia. 

• 

caujil leads to a basal coll (emhnfo-sac), in which lies a germinal 
corpuscle (n), as in the arehegonium of Mosses (§ 841). This cor- 
puscle is fertilized by the entrance of spermatozoids into the canal, 
and becomes the embryonal cell. Seldom more than one arche- 
gonium in a prothaUium becomes fertile ; the abortive ones acquire ?- 
peculiar brown colour in the canal and emhrvo-fcac. 
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Cell-division ensues in the embryo thus formed (fig. 545, p, ; 
but the result is not the formation of a capsule, as in tlie Mosses, 
but of a bud, producitig loaves (r) gradually more and more perfect 
(s, t) in the Ferris, and of the characteristic stem in the Equisctacco). 
When these vegetative stnictures are sufficiently mature, they pro- 
duce the sporaiigos and spores, as described in a former section 
(p.418). 

The development of tlio spores of Ferns is similar in its most essential 
points to that of the Mouses. The theem or sporanges (p. 418) are pro- 
duced from certain (;clls of the parenchyma of the fertile leaves ; and when 
mature, they break out upon the lower surface, naked or covered by the 
indiisia (p. 418). They are at lirst cellular papilhe, the parenchyma of 
which hecoinos diUcjrentiated in the course of development; the outer 
layer forms tlie cellular wall of the sporaiigi' and the annulm (p. 418), 
while the central parenchyma assumes the charactcjr of ])areiit cells of the 
spore-cells, which are dtJvelopcH^l in hiiirs, as in Mosses &c., and acquire 
when ripe a cuticle marked with granides, spines, or ridges (fig. 458,/?). 


Sporotjamuu 

846. It has long been known that the Lycopodiacem and the 
Marsilcaccm produce spores of diifereuf kinds, unlike especially in 
size, so that they arc conveniently distinguished us microeporee and 
meyaspores. These uro produced in similar or only slightly different 
sporanges (pp. 411-414), which ‘W the Marsileacem occur together 
or separately in an addition;d envelope, forming the spore-fruit 
(P-411). 

The roj)roduction by means of these 8i)orcs presents characters 
greatly differing from those described in the preceding group, and 
approaching those found in the Phanerogam ia. 

847. When the vnicrospores of Lycopodiaceoe and Pihilaria are 
sown, their contents ‘ are converted into minute spemi-cellSf dis- 
charged when mature, and each giving birth to a ciliated epermatozoid 
(6g. 546, a). In Salvinw, the microspores produce cellules, each of 
which produces again several sperm-ceUs in its interior. 

The formation of the microspores, in their capsules, agrees essentially 
with the development of the spores of Ferns in their theccD. 

848. The megaspores have a very different history, subject to 
slight modiheation in particular genera ; it will suffice to describe 
as an example the mode of development in Selaymella. 

When the large spore of Selagindla is sown, after some time the 
outer tough coat bursts at the apex, marked by the convergence of 
three, ridges externji^y (fig. 546, 5) ; when this opening of the outer 
/)oat takes place, it is foupd that a discoid layer of minute cells has 
iNMrii developed, between a second coat lining the cuticular layer and a 
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third coat, which immediately encloses the fluid contents of the spore ; 
this coat may be cxtracjted from the outer coat, and the cellular 


disk is then seen upon its upper 
end (fig. 54(5, c). This disk 
is the profJudlium, and upon 
its exposed surface (h) are 
found the archeijonia (in Sela~ 
(jvieifa numerous, in Pihdaria 
tfec. solitary). Cellular tissue 
is also developed in the large 
sac of the spore, underneath 
the disk, hut separated from it 
by the inner spore-coat. This 
is shown in tlio vertical section 
of the sporo«(r/). The arche- 
gonia consist of an emhryo- 
sac^witli an intercellular canal 


Fig. 646. 


e 



leading down to it (/), the 
four upper cells bordering the 
canal being more or loss pro- 
duced above the surface of the 
prothallium ((/, /). In the 
cmbryo-sa(i lies a germinal 
vorpnacle (/), which is doubt- 
less ferfilizod by the sperma- 
tozoids of the microsporcs, 
hut at what time and in what 
manner is as yet not known. 

849. The fertilized germinal 
coipuscle is then developed 
by cell-division, forming the 
mnhryo^ which in JSelagmella 
descends into the cellular tis- 
sue of the large cavity of the 
spore (fig. 546, h), its primary 
cells growing into a filamen- 
tous swtpenttor, bearing tho 
true cmbryo-coll at the lower 
end. Tho embryo (fig. 546, t) 
gradually takes form and pro- 
duces a leaf-bud (A:), and sends 
out an adventitious root ; the 
bud and the root escape from 
the spore-coat (Z), leaving be- 
hind tho cellular moss (pseudo- 



Rc)>ruduclion of Sehmnella (LjonpodiaoeO!) ; a, 
small or anthorulioi spore, discharging s^iorm- 
celK containing snermatosoidB (magn. 100 diam.) ; 
6, large HiH>rR, with the outer coat bursting, to dis- 
play me prothallium bearing arcbegoma(miign.l5 
diain.); e, large spore with tn^e outereoat removed, 
showing the entire inner ooat, with the oellular 
prothallium at tho upper end (magn. lOO diam.); 
a, verticiil section of a more advam^ prothaUium 
with archegonia (magn. 100 diam.) ; g, arch ego- 

nia with embryonal I'orpuscles in the aoos (magns 
800 diam.); h, vertical section of prothallium, with 
the’ emb^o developed from one archegonium 
imbedded in the cellular mass of the niore-sao 
(magn. LOO diam.) ; i, more advanced embryo, ex- 
tract firotn the spore, with its suspensor (magn. 
100 diam.) ; t, vertical section of a 
embryo breaking forth (magn. 15 diam.) ; /, young 
plant, with stvm, loaves, and root, Still o<mneot^ 
with the Bppre fiirom which it has emerged (magn.^ 
Si^am.). 
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cotyledon?) first* formed, which dies away as the stem grows, like 
the cotyledons of a germinating Pea. , 

The young plant (?) thus formed grows up at once into a new 
leafy stem, ultimately forming sporanges &c. 

The conditions in Isoetcs^ and also in PUuhria and other Marsileacejc, 
differ in various points — such as the absence of a suspensor in I»oeU*8f the 
existence of ordy one archegonium in Hie MareileaceaB &c. Seldom more 
than one of the^archegonia become fertile in Lycopodiaceae. The deve- 
lopment of the embryo of the Lycopodium^ in which only tnicrospores 
have been observed, is at present involved in obscurity, no attempts to 
cause germination having as yet succeeded. Spring, tlie monographer of 
this group, even goes so far as to express the opinion that the genus Lyco- 
podium was originally dimeious, and that one of the sexes has been lost, 
so that the male plants alone remain, per^ietuatod by simple vegetative 
division. This view, however, is improbable. The male plant would 
probably, as in other cases, occasionally produce female organs ; but these 
have as yet escaped observation. 

A peculiar phenomenon is exhibited in the formation of the meyaspores 
of these Orders. The microspores arc developed in fours in pilrcnt 
cells, much as in Ferns and Mosses as regards the metamorphosis of the 
intc'mal parenchyma of tlio sponmges into free cells. Jhit in the de- 
velopment of the megaspores, when the parent cells of the spores are 
fonned, in Selnyinellaj idl of them hut one in each sporange are abortive, 
Hie single remaining one forming four special pai*ent ctdls, and, ultimately, 
four large spores which fill the sporange. 

In PSularM not only do all tne parent colls but one disappear in tlie 
niegaspore-sporanges, but, when tlii.s one divides into four special parent 
colls, only one of the spore-bolls continues to be developed, the otluir tbro<i 
disappearing, so that the female sacs contained in the spore-fruits of Pdtt- 
lana each enclose only a single mcya^porc. This megaspore departs 
greatfy in external charnctfjr from all tins other 8tru(rture.s describtal an 
spores in the leafy Cryptogams, and approaches in some degree the cha- 
racter of a detached ovule of a Flowonng plant. 

Sect. 5. Keproduction op Puaiterogamia. 

,850. The remarkable distinguishing character of this group of 
plants is the possession of stamens producing pollen, and of carpels 
producing the latter of which are matured, while still nourished 
by the parent organism, into seech containing an emhyo (§§ 1(5 & 
300)— a rudiment of the future plant, in which the vegetative organs, 
stem, leaf, and root, can in most cases be distinguished. 

* The formation of these reTjroductivo organs closes the life, or, in 
per^mal^plants, tlnTporioSiod cy^e of f^rdwthT ^d the progomy 
thrown ofii aJfcer pacing through a stj^ of rest; germinate directly 
into a hew, pdrfcct morphological representative of the species. 

851. ih Hie Flowering Plants, as indicated in the preceding Parts 
^^f this work, there are some important differences in the con- 
struction of the essential oiganeb of the flowers, accompanied by a 
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striking variation in the course of development of the embryo sub- 
sequent to the concurrence of the sperm-cell with the origind germ- 
cell of the ovule. The ^Morphological differences of the Gymno- 
spermia and Angiospermia have been indicated already; in describing 
the minute phenomena occurring in their sexual reproduction, it 
is advisable to treat them separately ; but as the pollen-graim 
arc produced on the same plan in both groups, these structures 
may be previously disposed of in a brief account of their general 
history. 


Pollen-‘grains of Phanerogamm, 


85i. Pollen-grains, the sperm-cidls of rhanerogamia, diflfbr im- 
lyrtaiitlj^ from the s^rm-cells of the Leafy Cr^^togamla in ^o 
^scDCO of any corrms^rar contents emalogous to spermatozoidis ; 
tTieir protoplasm exhibits simply arnuclciis,S^tIi ^anuTes of stwch, 
(»ily matters, and other ordinary cell-contents (§§ 595, 596). In this 
respect they approach the fertile cells of Conjugating Algie (§ 827). 

8^3. In their simplest fonns they arc single cells, with a proper 
cell-coat and an outer cuticular coat, mostly marked with in’egu- 
larities, forming a kind of pattern on the surface, sometimes very 
elegant. In parti ciihir cases the outer coat is laminated, so that the 
polleii-cell apjwars to have several coats. In all cases the outer coat 
exhibits one, thnje, or many round holes or slits {pores) (fig. 547, e\ 
W'hcre the inner coat is bare; in the 


pollen of Pcissi flora ^ Cucurhitay &c. there 
exist lid-like covers over the pores (fig. 
547, c). 

854. The form and size of pollen-grains 
vary vei^ mudiT as may bd oDserved even 
irTlbErifcw'^implcs here figured; but 
although there may be a general resem- 
blance throughout particular genera, and 
even Orders, they do not often afford 
good or regular systematic characters. 
The most frequent cases of agreement 
in allied plants occur when they possc'ss 
compound pollen-grains (fig. 547, 5, d\ 
consisting of a number of poIlcn-cellB 
permanently coherent together. The most 
striking cases of this are those ofibred so 
abundantly in Orchidacem (§ 509) and 
Asclepiadaccm (§ 458), as to §)rm valu- 
able systematic characters in these Or- 
ders. These poUm-masses or pollinia 
consist either of the entire mass of pollen 


Fig. 547. 



magn. 100 diameton : 
a, JJ^Ua; ft, Aeueia iaxa (oom- 
notind ffnun); Faaaifiora ean^ 
taa; d^Taripl^ ^rasea ; 0 , Trader 
aeantia; /*, CSehorium 
. Jipilobium manianumi KlaMtrtaa 
elqvamaria^ forming pollen-tubea 
among the oella of the stigma. 
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ipf an anther-cell^ or of a half, quarter, eighth, or smaller fraction, so 
numerous in some genera as to appear like granules merely coarser 
than ordinary pulverulent pollen. 

The existence of po1]en-inasse.s and compound grains is readily ac- 
counted for by the history of ihe development of pollen, which agrees in 
the main points Avitli tliat of the spores of Mosses &c. (§ 842 ). 1'hc par- 
enchyma in the ctmtral region ol ea^di Jobe of a young anther pl^*sents 
two perpendicular rows of (^ells, one cronvsponding to eacli of the four 
primary loculi (§ 20(1), diiiei*ent in character from those which are to form 
the walls. The cells in these aeries multiply division to a consider- 
able extent; and ultimately each foniis a free cdl from its whohs con- 
tenU — the parent cells of the pollen. These are set free by solution of the 
walla of the panmehymatous framework in which they have been de- 
veloped, and they then lie as loose cells in the loculi or chambers of the 
anther thus formed, lilach parent cell divides into four chambers ; and 
each of these (diambers (speeiid parent cells) produ(‘es a pollen-cell, in the 
case of simple pollen -grains set free by the solution of the special parent 
cell. In quaternary pollen (tig. 1547, the membram^s ol the special 
parent cells are not dissolved, and thus the pollen-cells are held togejther 
in fours ; and the more complex conditions arise*, from the membranes of 
the parent cells of anterior stages persisting sufficitmily to hold their pro- 
geny together. The mode of formation of the pollen in the special parent 
cells is by some attributed to cell-division •: but the more geiKTnlly adopted 
view is that it is formed by free-cell formation. Tin*, nmrleua of tlic 
parent cell divides into two ; between these two a quantity of granules of 
protdplasrn are aggregated together in a direction lujross the pannit cell : 
these granules are suddenly seen to be divided by a linc^, the hrsl indica- 
tion of the cell- wall b(*tw(»en the two cells so producfed; tlieso two again 
subdivide ; and thus f«mr pollen-cells are ultimately found in one parent 
coll. The pollen-mosses of the Asclepiadacen), and perhaps of some 
Orchida(!C8B, result from a diilerent process : in these the outer layers of 
the primary parent cells do not develope cells in their interior, but become 
conjoined into a cellular pfdlicle forming a sac or purse enclosing all the 
pollen-grains formed within. 

The pollen-cells acquire their cuticular coat after they have become 
free ; but part of the material of this structure appears to be derived from 
the dissolved membranes of the parent cells. 

ZoHtera presents a remarkable exception to the usual character of pol- 
len-grains, the cells here having the form of short cylindrical filaments 
with but one coot, i. e. without a cuticular layer. In these a rotation 
(§ 736) of the cell-contents may be observed, which is likewise occasion- 
ally to be seen in recently formed pollen-tubes of other plants. The 
minute starch-grains of the cell-contents are noticeable as exhibiting a 
^molecular motion, which was at one time imagined to be of vital charac- 
rter, and might lesid the inexperienced to suspect the existence of minute 
spermatozoids. 

• ^ Pollen-graim of G^mnospirmia. 

865. Tile pollen-gr/iins of the Gymnospermia present a modifica- 
,o£^ structure aboye described. T^hev are not simple cells^ but 
their cavity, even before they are discharged irom the an- 
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ther, minute cellular bodies, composed of two or four ceils, adherent 
to that side of the pollen-grain where the slit (§ 853) exists in the 
outer membrane/ 

86(5. In the Phancrogamia, when a pollen-grain falls upon a 
stigma in its proper or “ receptive ” state (known by the presence 
of a saccharine secretion), the inner coat is protruded in the form 
of a blind pouch (fig. 547, h) from one or more of the jiorcs or 
slits, and, nourished by the stigmatic secretions, grows into a fila- 
ment of great teniiily, which makes its way through the loose stig- 
maii(; celLs, and passes down the canal of the style into the cavity of 
the ovary, there following the course of the placentas w'hcn the ovules 
arc numerous. 

857. Tu the Gymnospermia the pollen-grains fall at once upon 
the ovules and pass into the micropyle, sending down their pollcn- 
tiilxvs — liere develoj)ed from the internal cellular body (§ 855), whicli 
penetrates through the proper coat of the pollen -cell — into the sub- 
stance of the nucleus of the ovule, towards the deep-seated em- 
bryo-sac. 

TIkj formation of imperfect pollen-tubes may sometimes be caused by 
placing pol Ion-grains in syrupy fluids; but when ihey are placed in dilute 
sulphuric acid &c. the extrusion bf the inner coat which I’oaults is mostly 
a pnjcess of mechanical expansion, and the projcicting pouches soon burst 
and discharge the contents of the cell, owing to cudosmotic action. 

Ovules of Phanerogamia, 

858. The ovules of Phanerogamia are all constnict(td according to 
some raodifi<;ation of one general plan. The essential jmrt is the 
nucleus (fig. 548, a) or principal cellular mass, in the interior of 

Fig. 648. Fig. 61fi. 



Fig. 548. Diagranamutii’H<*ction of nn ovule: o,nudeuB; 5, embryo-iao; e, inner coat: <f, outer 

coat: e, micro! ivli- : /I olwiuaa; j 7, fliniouluB. 

Fig. 54 a Young ovulcH of IH.nm. A. Vertical section at the tune when the primaTT embi^o- 
sno is a Hinall cell in the centre of the nuclens ; micropyle. B. Section of an 
older ovule: w, micropyle with two i)ollen-grainB on the apex of the nucleiu; e, 
the nrimarv embrvo-Bao filled with cellular tuMue. Magn. 50 diam. 
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which one of fhe cells is greatly enlarged, forming a more or less consi- 
derable cavity (fig. 548, &), the etnhryosac. The nucleus is attached 
to the placenta of tho carpel to which it belongs by l^ofunicuius (g) 
or jf^odosperm. In most cases one or two coats exist, covering up 
the nucleus, forming tho internal (c) and external (d) integuments. 
These do not quite meet at the apex, but leave an orifice, the micros 
pyle (e), leading to tho point of the nucleus. The region where the 
base of the nucleus is continuous with the coats (/) is called the 
ehalaza, tho position of which, in reference to the funiculus and 
micropylc, varies in different forms of the ovule (§§ 236-240). 


Ovules of Oymnospermia, 

859. The ovules of the Gymnospermia, Pinacesc and their allies, 
and Cycadaccae, are produced upon open carpels, so that the pollen- 
grains have direct access to the micropylc (fig. 551, A, a). In Pinvs 
two of these occur at the base of the carpellary scale. Each consists 
of a nucleus, with only a single integument (549, A). In this first 
figure the primary embryonsac is represented in the centre us still 
very small. Before the pollen-grains fall on the micropylc of tho 
ovule, the embryo-sac becomes filled up with delicate cellular tissue 
(endosperm-cells). Fig. 549, B, represents a section of on ovule 
wfth the embryo-sac (a) filled up in this way, and two pollen-grains 
which have penetrated into the micropylc (m) pushing their pollen- 
tubes into the substance of tho nucleus. 

In tho upper part of the mass of endosperm (e), from five to eight 
colls are found to expand more than the rest, forming ew- 

6n/Q-sac8. These arc not formed in tho superficial cells of a, but 
^m ceils of the second layer, so that csich is separotod from the 
membrane of the primary cmbiyo-sac by one cell (fig. 550, A). 
Those cells lying between the secondary embryo-sacs and the surface 
of the endosperm next undergo division crosswise, so as to form a 
rosette of four cells, which separate at the converging angles, and 
leave a central intercellular passage down to the secondary embzy o- 
sac. In this state, these corpusmJ^^ as they were called by R. Brown, 
their discoverer, are very much like the archegonia in tho internal 
prothallium-structure of Selaginella (§ 848). 

‘ The pollen-tubes travel down through the substance of the upper 
part of the nudeus, and reach the mouths of the canals of the cor- 
puscula, one entering each (fig. 550, B, p t). At tho same time 
germined corpuscles are product at the base of the secondary embryo- 
sacs (fig. 550, B, a), ^ese, after fertiUzation, by the contact of the 
pollen-tube with tho upper end of the sac {p f), become cells, mul- 
tiply and form a cellidar mass (C, D, E), the lower cells of which 
break out through the bottopi of the endosperm, and grow as four 
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cellular filaments (F, H) into tho substance of the lower part of 
the nucleus of the ovule.* At the ends of these filaments cell-division 
again Qccurs (I) f and from the apex of one of these 849) 


Fig. 550. 



Development of embryo in Conifcric (Pintm): A, upi>cr part of the cmbryo-Bac, with two 
coiqruneui-tf or archegonin ; B, thi* sjnm* inon* atlvuacod, the right-haiul one nith a pollen- 
tube (p /) in it« <junal uiid germinal eorpUHcleH (a) at the base; C, D, E» suwessive stages 
of develmniieut of it in 11 ; E, G, 11, develomueui of thi^se cells into suspensors, at the end 
of one oi which the embryo is produced, snowu in I {em). Mngu. 100 diom. 


is developed the embrj^o (I, eni). As there are several corpuscles, and 
each produces foiu* suspensors, a large number of rudimentary cm- 
biyos are developed ; but usu^y only one of all these rudiment!; is 
perfect lid. 

That embryo which is fully developed gradually increases in size, 
and most of the structures above 
described disappear, so that tho Fig. 551. 


ripe seed exhibits a single embryo 
imbedded in a mass of endosperm 
or albumen (fig. 551, D), the latter 
originating apparently from the nu- 
cleus of the .ovule. The radicle is 
covered by a iMeorhiza (§ 080), 
which is intimately blended with 
tho substance of the endosperm. 

860. Tho phenomena presented 
in other Pinaceao, in Taams, and in 
the CycadaceoD agree in most of the 
essential particulars. There appear 
to be some curious pecuHarities in 
the GnetaccflB, which ai’c not yet 
completely made out. In Welwits-^ 
chia, whose anomalous structure 


1 D 




Pmvtt tyhegfri^, A. Curpol with two nak<Hl 
ovuIub; a, mioropylc. B. Caii)cllai 7 soaic 
of riim cone, with seoda (o). C. A seed 
separated (a), havinff a wing-lrke prooess. 
D. Vertical H(><«tioii of the seed (C, a). E.* 
Young plant from germinated seea 


has been described at p. 407, the embryo-saes grow out of tho pri- 
maiy embryo-sac. 
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Ovules of Angiospermia, 

861. The early histoiy’^ of the ovules of this group is analogous to 
that of the ovules of Gymnosperms, excepting in the particular 

Fig. 562. 

a b e d 

rS'.Q 

Ovul« 8 , showing gradual formation of ooats over tht; nnclous and progressive curvatun.*. 


that they arise from the placentas existing in closed ovaries 


instead of being de- 
veloped upon the ex- 
posed surfaces of open 
carpels. 

The ovules arise from 
the placentas as mi- 
nute cellular papilLn, 
which gradually take 
form, and exhibit the 
regions and the modi- 
fications of their ar- 
rangement described 
in an earlier section. 

The annexed draw- 
ing (fig. rM ) — actual 
views, drawn to a scale, 
of the development of 
the minute ovules of 
Orchis — illustrate the 
gradual fonnationof the 
coats &c. Fig. 553, a, 
represents ayoung ovule 
projecting out from the 
placenta, before it has 


Fig. 553. 



Development of the ovule of OrchU Morio : a, a young ovule, 
with tile nueleus jirojecting from the inner coat ; b, an 
older ovule becoming unatropous, with the oiiti*r coat 
growing up over the inner; e, section of a more advancN.‘<l 
ovule: d, section of an ovule with the pollen-tube (ft) 
nassing down the niiorofiyle, and in conta(;t with the em- 
biyro-t»c;y^ an embryo-sac extracted, with three germinal 
oorjiuscles; . 9 , another, with the end of a poUen-Lube ad- 
herent. Magn. about 100 diam. 


Docome anatropous ; the nucleus here consistH merely of the embryo-sac 
surrounded by a single layer of cells, which layer is aWrbed as the ovule 
grows (c, df), so that the embryo-sac constitutes the whole nucleus of this 
ovule. In a the inner integument partially encloses the nucleus ; in b the 
outer int^lif^ent has grown up over this to a certain extent ; and both are 
'Still morH^Yeloped in c, where the inner coat has covered up the nucleus 
Geaving^'tlie endostome, § 236),. but itself projects from the outer coat. In 
a the outer coat has gtown up over the mner, and the micropyh or fora- 
mm (§ 2^) consists of a wiae exostcMnp and a narrow endostome, into 
’wham the pollen-tube (p t) has penetrated. 
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Ovules are seldom so small, or composed of so few cells, as the fore- 
going; more fniquently the nucleus is a cellular mass of some size, and 
tlie coats are coivposea of several strata of cells. Thu outer coat is the 
primiMy the inner the nixundimy of Mirbel. 


Fig. 664. 


862. At the epoch when the pollen is scattered from the anthers, 
the ovule presents the characters which 
are illustrated in fig. 554, which repro- 
souts the anatropous ovule of the garden 
Hyacinth. The nucleus (fig. 554, w) 
is surrounded (in this case) by two coats 
(s &;?), which are perforated above by a 
canal, the micropyle (wi) ; at the base of 
the nucleus is the cluilazal region (r), 
whence the integuments (sd:. arise, and 
where the miihe (r), with its spiral vos- 
Hcls, ends. In the centre of the nucleus 
is a long sac (e .s), the embryo-sac. 

It w a largo cell, filled with watery 
fluid and protophisin, and contains at its 
summit the (jerminal corjniscJes (cv), 
globular or oval masses of pfotoplasm, 
one of which becomes tho germijiul 
vesicle. 

.Somti authors assert that these corpusdes 
an' reffs befimj impn'gniitiou : but we hold 
that they anj merely corpusdes of proto- 
plasm, or rather free primordial utridcH 
(§ 700), like the unfertiliz(*d spores of Fuciis (§ 832). In fig. 666, A, ev, 
is shown the condition befon^ ft'rtilizntion in Hanialum, Most oWrvers 
consider that the germinal vesides exist befoi*e fecundation ; but Tulasne 
indiues to the belief that they are the first results of that jfrocess. In 
some cases, at the bottom of the emhryo-soc, smaJl cells {atdipodal cells) 
have been seen, whidi have only a temporary existence, and disappear 
after fertilization. The puTi)ort of these cells is not known. 



Vertical section of the ovnie of the 
’den H^aidnth, just befon; 
prcguaLion ; /, funicululi ; r, 
rai>he; o, chalasa; n. nucleus: 
»<, inner inte(;uinf‘nt ; ft, outer 
integument; n», micropyle; 
embryO'sae; ee, genniniil ror> 
pusciles, one r)f whit li gives origin 
to the embryo. Magn. 25 diam. 


863. The embryo-sac exhibits different modes of development in 
different Orders of plants. In tlic Orcbidacete the cell which con- 
stitutes the oinbryo-sac (fig. 553) very soon obliterates tho sur- 
rounding cells, here a single layer, and comes to form the entire 
nucleus (c, rf, e,/). lu the Compositte an analogous condition is 
met with. In the Leguminosm the embryo-sac sometimes expands 
so as to cause the absorption even of the inner integament. . 

On the other hand, it often only occupies a moderate part of the 
nucleus (fig. 554), and may then be a simple c^^lindrical or oval sac 
or jhin out into pouches or diverticula^ as occurs especially in Scro- 
phulariacem. A remarkable condition occurs in Santalacese, where 
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the apex of the embryo-sac ^ows out from the micropyle to meet 
the pollen-tubes, much as in Ephedra or WeU 
witschia, wherein the coat of the ovule is pro- 
longed into a styliform process ; in Santalum 
album and some other plants the embryo is 
developed entirely outside the nucleus, in the 
protruded pai-t of the sac. 

864. When the pollcii-tubos are formed in 
the stigma (§ 850), they gradually elongate 
by growth at the apex into tubes which pass 
down the canal of the style w’hen this exists, 
the latter being sometimes scvertil inches 
long. The time occupied in this growth varies 
from a few hours to a W'cek or two. The 
pollen-tubes mostly die away above as llioy 
grow below ; and the stigma withers soon after 
the j)ollen-iubc8 have pemetrated. 

It is remarkable that the stigma remains l‘n>sli 
for a considerable time in unfertilized ovaries; 
and in the occasional cases of development of an 
unfertilized ovule, which has been observed in 
some dioecious plants, as f Vx'/67iio<y//at*, lleinp, Mvr^ 
ctmalis, &c., the stigma does m^t wither. 

865. The pollen-tubes arc exceedingly minute, the diameter 
averaging from to tAtt inch. But Amici estimated tlie 
number of j)ollen-tubos formed from the jmllen-niasscs of Orchis 
Mono at 1:^0,000. Experiments have shown, however, that, under 
favourable circuinstancos, a very few ix)llcn-grains suffice for even a 
many-ovulcd ovary. Kiilreuter found that when 25 polhm -grains 
were placed on the stigma of JTibisens Triomim, 10-16 ovules wore 
developed ; w'ith 50. or (lO grains, above J50 ovules ; and 1 , 2, or 
at the most sulhccd the single ovules of IMirahilis JaUipa and M, 
loiujiflora. 

The bundle of pollen-tubes proceeding from the style is distri- 
buted in fractions, or partifxl bundles, to the placentas, when several 
of these exist. The pollen-tubes make their way to the points of 
the ovules (figs. 555, t, & 553, d, p i), and one or two enter the 
.inicroi)yle of each. Generally i^peaking, the tube ceases to elongate 
when it reaches the outer surface of the apex of the embryo-sac. 
Sometimes it runs onwards a little way (fig. 553,^), often depressing 
the membrane of tlic embryo-sac a littic. According to Hofmeister, 
"it actually breaks through into the embryo-sac in Ganna, In all 
cases it contracts a firm adherence, and possibly a kind of conjuga- 
tion takes place (fig. 556, B). 

866. The arrival of Iho pollen tube upon the surface of the cm- 


. Fig. 665. 



V rrtical secHon of thi* ovary, 
c‘oiilainiD{' oni* ov 7 ili‘. iif 
CitrJuun: n, biMi; of tht* 
canal of the; : r>, hmly 
of the o\u\v:“pi, bundle 
of pollon>tnl>(‘H, deacend- 
int; from tin* atigma; c#, 
cinbrvo>a.’u‘ ; c, naacrut 
embryo. Mngn. 25 diain. 



OTULES OF ANOIOSPEBHIA. OiO 

bryo-sac is followed by the development of one (rarely of more) of 
the germinal corpusclee (fig. 55(S, A, e v) into tile germinal cell 
(fig. 556, B, e v\ 

In Orchis, two of the corpuscles are sometimes developed into embryos' 
In Citrus f os may be readily observed in Orange-pips, two embryos are 
very frequently fonuod in the seed. 

Fig. 557. 






{ Teti’agonolobuii purpureua, A. Seotionofa 
tyOf in the upper end of e e. the embiyo-aaq, 
t of the nucleus; tt, internal integument; ei* 
oyer; »», micropyle; e.chalaaa: r, raphe 
fU, >vith internal integument obliterated, and 
a-cells: oo, cotyledon; ra, radicle of the em- * 
oth. r references aa in A. ^Tliis section r^xeaenta a ooi^t^ 
si! in albuminous seeds.) C. Section of a ripe seed, innrhich Aa 
« jryo has obliterated the endosperm, and the seed coimsto merely 
of embryo and testa; the latter is composed of tlift perairtent external integument 
wiUi its epidennol layer. 

Z S 
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867. The development of the germinal cell into the mihryo ex- 
hibits some variations in different cases. Jiost frequently the cell 
divides transversely, and the upper cell often elongates (sometimes 
dividing again by septa) so as to form a tubular coufervoid filament, 
or mspensor^ hanging from the top of the embryo-sac, and bearing 
at its lower end the true embryonal cellj which soon becomes a mass 
of cells, which arc ultimately shaped into a mono- or dicotyledonous 
embryo. This suspensor is seen especially in Crucifcrac, Scropliula- 
riacese, &c. ; it is a single globular cell in Potamoyeton. In Zea^ Fri- 
tiUanu, «fec. the germinal cell docs not elongate at all. In OreJiis 
the s^ispensor grows out from the micropylc. 

868. Different changes are undergone by the 2 >arts of the ovule 
during the development of the embryo (fig. 557). In exalbuminous 
seeds (§ 298), the embryo in its growth destroys all trace of tlio 
nucleus, and in the ripe seed lies immediately within the coats. In 
seeds with albumen or endo8i)crm (§ 25)9) the commonest condition 
is for the embryo-sac to become filled with cells which arc* moulded 
over the embryo internally, and to expand extcinally until the sur- 
rounding tissue of the nucleus disappears, or remains only as tin 
clement in the coats of the seed. The tissue developed in the 
embryo-sac forms the albumen. In ripcracom, Nym])ha*accie, and 
a few other cases a double albumen is formed (§ 299), endosperm 
bfing formed both inside and outside the cmbrj^o-sac, the hitter being 
developed from the tissue of the nucleus. 

No rules can be given for the homologies of the coats” of the seed — 
the teda and tegmen or endoplenra , — which arc? formed either from tin* 
priminv and secundme, or from these and the nuehm — and sojiic times from 
one alone of them, its tissues undergoing a different devolojniient in dif- 
ferent layers. 


FertUizdtion. 

869. In the preceding paragraphs the structural arrangements of 
the sexual organs of fiowering plants and tlie manner in which the 
embryo is formed have been described ; it remains now to sjicak of* 
certain curious phenomena that have been observed relating to the 
process of fertilization. The existence of distinct sexes in plants 
was inferred by Linnaeus from certain arrangements wliich ho de- 
scribed, and which would favour the process of fertilization, though 
it was soon seen that in many instances, as in the case of bisexual 
plants, the agency of the wind or of insects was required to con- 
vey the pollen to the stigma. Except in the instances just al- 
luded to, it was the generid opinion that self-fertilization was the 
sole in hermaphrodite flowers, t. e, that the stamens of any given 
flower shed their pollen on the stigma (rf the same flower. Sprongel, 
however, and recently 'Darwin hnve flHtoh to prove that though 
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a flower may be structurally hermaphrodite, it is usually functionally 
bisexual, and that a ^feater number of healthy seeds are produced 
when a cross-fcrtilization between the stamens of one flower and 
the pistil of another flower of the same species is effected. Darwin 
even states that in those cases where self-fertilization is the rule, a 
cross occasionally occurs. 




The facts just miuitioned may be illiistmted by the case of the common 
Primpo8(j, I lie flowers of which are di- 
morphic: ill some the stamens are long Fig. 568. 

Snffprofrude beyond the corolla; in 
otliers the styles is long and projecting, f 'C 

wliile the stamens are concealed within 

tlie corolla. Now the greatest ntiinber iff li I 

of fertile seeils are formed when pollen j 

from the long stamens is made (by in- I [||y 

sect agency or oiher\vis(‘) to pass, not on m /i Irk 

to the short style of the same flower, /[jl!||U iJ 

but on to the" long style of another |'|jj|| I |B 

llow^ir. Other plants, siich as LMrtwi l||||| |V I | l 

tSa/icana^ are tniuoniliic. having stvles wlr 

and stariiens of three dinerent lengths. if ir 

lieci}irocal fertilization is possible be- * 

tween any two of these; but the most Polyanthus: o, Htamensexeerted, stylo 
perfect fertilization occurs whtm the Slliuded.’ *’ stamens 

style of one flower is impregnated with ^ 

])ollen from a stamen of i^iial length with itself belonging to another 
flower. 


Polyanthus : a, stamens exserted, stylo 
inoludod ; 6, style exsftrtod, stamens 
included. 


Though cross-fertilization is thus shown to bo adyantageous and very 
general, yet there an? some cases where eveiy adaptation seems to be 
made with the view of securing self-fertilization, as in the tbllowing case. 
In Dombem the staininodes or sterile stamens are longer than the fertile 
onesj^ and are endowed with a power of movement in virtue of which they 
ciirro downwards and outwards, as 1.o come into contact with the fer- 
tile stamens, whose anthers open outwardly. In this manner the stami- 
uodes become dusted with pollen, and then becomh uncoiled, assume an 
erect position, so as to come into contact wdth the stigma, whose curling 
lobes twist round them and receive the pollen from them. 

Hildebrand gives the following arrangement of the distribution of 
sexual relations in flowering plants : — 


A. Male and female oi^ans in different flowers (^diclinous) , self-fertiliza- 
tion consequently impowible, and foreign immegnation, accomplished 
by insect agency or wind, indispensable, tinder this head are in- 
cluded the flowers of dioBmous and jnonoecious plants. 


B. Male and female organs in the same flower (mraodmoug). 

1. One sex developed before the other ( dichogamous^ . Those flowers, 
in which the male organs reach maturi^ Wore the female ones aie 
called protandrouij . and those in which the -female reach maturity- 
before ihe male TOotoflniyioi^ : self-impi;pgnation is thus natundly 
prevented^ and feirt&UEation is aocomplisbed ly insect a^ncy. 
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2. Both sexes developed at the same time, 
a. Flowers opening. 

i. Anthers remote from the stigma. 

A. Length of style on diflerent individuals of the same species 

diverse {Hettiroslylia),' Self-impregnation is not prevented ; 
but, in comparison with impregnation through insect agency, 
it is either entirely useless for fruit-forniation, as in 7W- 
momria ojffkiimliSf or effected only with unimportant i*esults, 
as in Prinuda inne/utin, 

B. Length of style on different individuals of the same species 

equal. 

o. Sexual organs changing their reciprocal position during the 
development of the flower. Self-impregnation avoided ; 

' impregnation by means of insects fa(.‘ilitat(id. 

00. Sexual organs remaining unaltered in position during the 
development of the flower. 

t Insect agency necessary to fertilization; self-impregnation 
in fact impossible, foreign aid indispensable : Drclijdem. 
Or self-impregnation possible, but not indisponsable, 
foreign impregnation more frequent : Asclt^pitMlem. 
tt Insect agency not necessary to ftirlilization. Self-im- 
pregiiation possible, but impregnation also performed 
Dy insects. 

The possibility of self-fertilization is evident — 1, where the flowcjrs an^ 
erect and the filaments are longer than the styles, os in Vitis, ClteHoyidiumy 
&c. ] 2, where the flowers are pendemt and the fllamonts are shorter than 
the styles, as in FtHtittaria iniperialuj Cwivallnria majalisj &c. ; but as all 
these flowers are visited by insects, ci’oss-impregnation probably oft(m 
takes place. 

ii. Anthers near thok stigma. 

* No fruit formed without impregnation by insects : Corydtdu 

cava. 

It would scarcely have been deemed credible that self-fertilization was 
impossible in such an instance os Carydalis cava, where the authcTs are 
closely appressed to the stigma, and in which self-impregnation appears 
inevitable. In his experiments, howevcT, Hildebrand discovered that 
when this plant was secured from the visits of insects, and also wlien the 
pollen was artificially applied to the stigma of the same flower, no fruit 
was set. To obtfiin penect fruit he found it necessary to impregnate the 
stigmas of one plant with pollen fi’om another. 

* * Fruit fonned as a result of self-impregnation, but impregnation 

by insects not excluded. 


Instances of undoubted seH-fertilization of individual flowers are known 
in*the genus I^maria^ Salvia hirmdaf Imum udtatudvmm^ Ce/jfhakmthera 
Ophrys apifi^a^ &c. ; but the number and quality of seeds 
home is less than where cross-impregnation is effected. 
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p, Flowers not openingf. 

Self-imprecation alohe results, every foreign impregnation being ex- 
cliid('d j but these plants all have other flowers which open and ore thus 
exposed to the possibility of extraneous impregnation. 

The general conclusions that may be drawn from the above facts are 
thus given by the author already cited : — 

1. The arrangements in the majority of flowers are such that no self- 
iiiipri»guation can take place, but a transport of the pollen from flower to 
flower is accomplished instead. 

2. Insects are necessary in most cases for the conveyance of the pollen. 

.*1. Wh(»n th(> access of a flower’s own pollen is prevented, it necessarily 

follows that self-impregnation is impossible. 

4. In those cases where self-impregnation is possible, or even unavoidable, 
the possibility of foreign impregnation is for the most port not excluded. 

5. And ill these cases insects are active, and accomplish the impreg- 
nation of the flowers. 

(5. 'Fhere is probably no flowering plant to which access of foreign 
pollen, at lr?est to a portion of its flowers, is impossible, and continued 
self^mpregnation alone jiossible — therefore no flowering plant which fi- 
nishes a proof against the general law which negatives self-fertilization. 

7. lly experiments it has been found that where, by accident or design, 
the pollen of a flower falls on t^e stigma of the same flower, fertilization 
either does not follow, or when it dot s occur the q^uantity of seed is less 
than where fori'ign pollen is employed. 

8. A gradual transition may be traced, starting from those cases vfhere 
self-impregnation is utterly impossible, to those where it is possible and 
evident, but not to the exclusion of the possibility of a foreign impreg- 
nation of the flowers. 

0. The sexual relations and mode of fructification do not invairiably 
tend towards the morpliological afHnities of the flowers. In some isolated 
families the stixiial conditions of all members are alike ; in oilier families, 
again, and even gent^ra, they arc? essentially different. The sexual relations, 
therefore, have not developed with equarpatie and in the same way as the 
morphological relations in the transformation and perfection of flowering 
plants. 


ll^hruUzation, 

870. The treatment of the subject of the sexual reproduction of 
Plants would be incomplete without some notice of the phenomenon 
of Jufbrldlzation. or cross-breeding bgb^en distinct speciej of plants. 

From the difficulties, arising paiSly Trom the ndnute size of tbe 
stnicturcs, partly from the comparatively recent date of any accurate* 
knowledge of the sexual organs of tho Cryptogamia, wo are at present 
only acquainted with a few certain facts in reference to the cross-breed- 
ing of species in that Bubkingdom. It has long been known, however, 
that in collections of cultivated Ferns forms spring up from tim!b to 
time presenting new characters, more or kss intermediate between 
well-l^own natural species; and these have been commonly ae- 
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coanted hybrids. , The discovery of the phenomenon of fertilization 
on the prothoUia (§ 845) of Ferns gives a now support to the suppor 
sition that such plants arc hybrids, although the question is still 
insufficiently supported by evidence. 

871. We possess, however, some facts of importance on this sub- 
ject relating to the Fucaceous Algcc. Thuret took advantage of the 
extrusion of the germ-cells and spermatozoids (§ 832) in Fueiicem 
before impregnation to collect these separately and experiment on 
the degree to which hybridization was possible. He found that sper- 
raatozoids of Fitciia serratm and F, veaindosus would not fertilize the 
spores of Ozothallia vuhjaAs^ and vice verm. Neither could the 
spores of IThmnthaUa lorea be fertilized by Ozothallia vvhjnrie or 
Factis serratfM, nor the spores of Fueujt nerratvjt by tlic spermatozoids 
of F. vesicuham, But ffie snores of F. ve^icahsus impregnated by 
the spermatozoids of smvfta^ccame fertile" aii^ gem 
wlii(ih fact is the more interesting sincci^^. vesicii(oHvs is a variable 
plant in its natural state, while the others named exhibit compara- 
tive fixity. 

872. The existence of hybrids in Phancrogamia, produced by im- 
* pregnatiug the ovule of one plant with the pollen of another, is a well- 

ascertained fact ; and indeed hybrids 'are prodticed at wiU, within 
certain limits, by gardeners. 

It is necessary to distinguish here between true hybrids, or mulee, re- 
sulting from the crossing of distinct species^ a ^rimplc cro^s~iree^s (oT 
wi^wj comnionly included under tiic name of hybndsby gardeners, and 
resulting from the crossing of varieties 311) of the same t<pocies. 
It IS from the lasToperathm that th^ groat majority o^ ihe “ hy oricl^^ 
produced in favourite florists’ flowers, such us Pelarcfonium, Fuchsia^ 
&c., are derived — this crov-fertilization presenting little difficulty, 

. and commonly occuiring naturally where large quantities of varieties 
are grown together. . 

The ready cross-fertilization of varieties spontancouslY, places great 
difficultv in the way of growing the varieties of cultivated vegetables for 
seed, I'he different varieties of the Cabbage, Turnip, Pea, &c. are 
difficult to preserve pure as sceding-plauts in large gardens or seed-grow- 
ing establishments, irpm the fact or insects and the wind carrying the 
pollen from plant to plant, 

873. True hybrids can, as a rule, only be produced between plants 
bolonmng lo tne same^i^ni^ Wheii they are rooro Averse than 
this, &ey will usually not crow*; a^ ^en within ihe hnuts of gencr^ 
^ocies not always breed Together. 

tOeneric difference in Flowering plants usually involves difference in 
the structure of the reproductive organs, we are theref(»re not surprised 
at the above ^tement ; numerous instances, however, occur of the refusal 
of nearly allied species totcross, where we cannot detect any structural 
'differenees between them. 
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874. The tendency to cross-breeding is loss common than is fre- 
(mently "supposed. GsDiincr, the greatest experimental authority on 
tnitP pomt/ stateft that in J 0,000 sets of experimcntp, carried on 
during’ many years, he only obtained 259 true hybrids. It is found 
impossible, for example, to cross the Gooseberry and th«' Currant 
( two species of Jiibus), the Apple and Pear (two species of Fijrus\ the 
bbu^kbori-y and Ibispberry (allied species of Ruhus), &c. 

liesides this peculiar iiidisiwsition to hybridize, there exists an 
obstacle in nature, in the greater facility with which an ovule receives 
the intiuence of its own pollen; Gcertner descrihes this pheno- 
menon uiidcjr the name of dective aHinitiu stating that when the 
natural pollen and that of another species are placed upon a stigma, 
the foreign jiollen remains inert ; and oven when the natural pollen 
is a])]>lie(l a little time 8 ubsc(|uentl 3 * to the foreign pollen, it acquires 
the supremacy, and the embryos prove true, and never hybrids. 

875. When si)ecies arc crossed, the result from the hybrid seed is a 
j)lant differing from both parents, bearing more or less relation to one 
or th« other, as rc'gards form and habit, in different cases. Gardeners 
do not appear agreed as to the kind of induence exerted hy the 
male and female^ ])arejit8 respectively, in dt^termining the character of 
tlio mule. Gteriiu'.r states that in liybrids of DhjitaJis the mules 
most resembled the female parent, wliilii in Kkotiana the reverse 
appt^ared ; and he believes no law^ can be laid down in regard to tjiiis 
point. 

870. Tlie seeds ripened after hybridizing generally form but 
a fraction of those matured under natural circumstances. Thus, 
according to Giertner, hybrids of Verbasemn I/ifchnitis with V. ni^ 
tfriim gave but (513 per cent, of the normal number, with V, 
yV/ff/wz/w 21 per cent., with V, jff/ranMat^m 3 per cent.; hybrids 
of Diauthns barbatif,^ with JJ. Anneria o3 -per cent., ’with. JJ, ddloidt^s 
22 per cent., with I), virgtmm 1 per cent., &c. Moreover dioecious 
plants appear less prone to hybridize tliiiu those with hermaphrodite 
flowers. 

877. The seeds originating from a process of hybridization pro- 
duce plants varying very much in their degrees of fertility. It ap- 
pears that the majority are barren ; in many cases only a portion of 
the seeds formed produce fertile plants ; while in a few cases ^e hybrid 
plants are nearly as fertile as those of their parent species when 
unmixed. It is observed also that in fertile hybrid plants the flowers 
earliest opened arc the most fertile, or sometimes are the only ones 
that ripen seed, subsetpient flowers often developing fruits the needs 
of which arc destitute of an embryo. 

This barrenness of the later flowers, from deficient vital force, is* in 
some demree analogous to what we sometimef^ observe in cut flowering 
stems of succulent plants. We have se^ the ovary swell, and one or 
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more seeds become extensively developed on a cut spike of AJ^a and on an 
umbel of Otnum/ thrown aside to wither. The stHius, however, were quite 

blind,” th(i expansion consisting of an abnormal development of the 
integuments of the ovule, the nucleus and embryo-stic remaining un- 
changed. 

878. In some fertile hybrids it is observed that their progeny 
forming the second and third generations become mon'. feiiile tlian 
the original hybrid ; it is noticed, however, that their descendants 
usually exhibit a great tendency to vary in external cjliaractcr, and 
often return more or less to the type of one of the parents. 

Hybrid characters seem, from the researches of Naudin, not to bci per- 
manent. The plants revert, as above said, to the type of one or th(j other 
of the parents. What arc termed by gardeners, /. c. shoots 

diftering in character from those on tfieotBer portions of the plant, art* 
frequently, but not always, due to a dissociation of hybrid or mcitis 
characters. 

879. The impregnation of the ovules of hybrids by the pollen of 
plants of either parent species produces more fertile s(*cds than arc 
formed after self-fertilization of hybrids. The progeny in such cases 
return more or less to the parent type, on the side from which the 
pure pollen comes, and by a repetition^of such fertilization the hybrid 
characters are lost in a few generations. 

S is an interesting fact that the ovules of hybrids are sometimes more 
y fertilized hv pollen of a strange but pur(^ species, tJian by tlieir 
own : thus the hybrid Nwotiana pmuetdato-runfierf, wliich usually did not 
ripen more than 13 good seeds in a capsule, produced with the pollen of 
y. panicuMa 30, with N, rmtica 20, and with th(j pollen of N. Lanp»- 
dorjii (a totally new element in the crossing) 10. In another expc*rimeiit, 
wben this hybrid produced no seeds hy scjlf-fertilizalion, 10 good seeds 
resulted from crossing with N, LanffsdiirJiL 

880. A curious phenomenon has been observed in the garden 
'plant called Cytim» Adami, obtained either by grafting or true 
hybridation of the two kinds of Labunium, Cytism Tjahurnum and 
G, purpurews. The plants have in many instances exhibited a partial 
5 a^aration or dissolution of the hybrid characters in the products of 
^ Afferent leaf-buds : on the same tree in wliich pall; of the branches 
bore blossom of the hybrid character, other shoots occurred, some of 
which had reverted to the character of Oytisus Laburnum^ others to 
that of O, purpureuSy the other parent. In some of the shoots, 
moreover, unequally combined characters of the parents were observed 
in difierent flowers of the same raceme. 

. In some cases it has been found that the reverted or pure shoots bore 
perfect seeds, while the hybrid blossoms were barren. 

Gytmu Adami has generally been supposed to be an ordinary hybrid ; 
but it has recently been ^stated that it originates when C. p^wpircM is 
grafted on Ldburmm^ offering thus an instance of affection of the 
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stock by the scion analogous to that of the variegated Jasmine and Abutilon 
referred to above (§ If this prove true, it will be a most important 

physiological fact, opening a very interesting field for experiment, likely 
to lead to practical results of high value in the cultivation of fruit-trees. 
Certain f^inrts of Koses have also been explained by graft-hybridization; 
but these cases require strict scrutiny before they can be absolutely slated 
to result from grafting. 


Germination, 

881. Seeds placed under favourable circumstances germinate. 
They arc capable of doing so even before they are fully ripe. 

The conditions favouring germination arc the presence of mode- 
rate heat, moisture, and oxygen gas. Water is absorbed ; and 
substances contained in the seed are oxidized, with the evolution of 
carbonic mid, and sometimes of carbonic oxide and ammonia ; and 
the starchy substances laid up in the cells become converted into 
soluble sugar and ready to supply the material for development. 
During this process much heat is evolved (see § 885). 

Many seeds gmninate very quickly when placed in favourable condi- 
tions, especially those of CnuiJerje, Grasses, many Leguminosm, Cucur- 
bit acea», iV:c. ; nut the period ynii«)H, and is greatly affected by the degree 
of heat to which tlu*y are subjected, the depth oi sowing, which, on the 
one hand, provides against desiccation, and, on the other, removes* the 
seed further from the infiueiice of the oxygon of the atmosphere. 

Seeds with a hard p(»ri(jarp or endocarp (§§ 243, 244) enclosing the seed, 
such ns iJiose of Rosa, CraUetjm^ Almond, or with a hard testa (§ 296), 
Pteohia &c., often remain in the ground a year before they sprout, unless 

E reviously soaked in warm water. Every kind of seed germinates more 
reely at one temperature than at another. Seeds are very variable in 
this respect. 

C'h(Miiicnl changes are observed in the germination of the spores of 
Cryptogamia : in the resting condition they contain oil and alhumiuouB 
intitters, which are decomposed before germination and resolved into 
chlorophyll, dextrine, &c. 

882. The result of germination is the appearance of the organs of 
vegetation — and first of all of the root or radicle, which is to serve as 
the organ of absoiqition for the new plant. This almost universally 
turns downward, in whatever position the seed may lie, and pene- 
trates the soil (see § 700). 
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CHAPTER VI. 

MISCELLANEOUS PHIilNOMENA. 

Sect. 1. Evolution of Heat by Plants. 

883. In cxfimining the cases falling into this section, it is im- 
portant to separate them into two classes : — (1) those relating to the 
proper or specific heat of plants gcnerallj'^; and (2) those more remark- 
able instances of elevation of temperature occurring at certain periods 
of development in particular plants. 

884. It being a well -ascertained fart that the chemical combina- 

tion or separation of various elements found in jdants is accompanied 
by increase or diminution of sensible heat, and that the process of 
evapoi ation, constantly going on in dry weather in healthy plants, 
is a cause of depression of temperature us the substance from the 
li(]uid passes off in the form of vapour, it is evident that the prftper 
temperature of plants, and their organs and tissues, must vary 
greatly according to the circumstances in which they arc i)lac(;d. 
Yet, as the evaporation, and the fixation of carbon in a solid form 
from gaseous material — both “cooling processes’’ — are such ])repon- 
dervting operations in the nutritive and assimilative processes of 
vegetation, it seems scarcely possible, under ordinary circumstances, 
that plants l;faould have_a specific heat ri^ng above thtit of the sur^ 
rounding atinospiier^ ' 

88jj. ilie germinSiion of seeds, in which carbonic acid is abun- 

The different power of conducting heat possessed by the several lissuos, 
and, in the case of the woody tissues, the diflercncc^ in the conducting- 
power according to the varying directions of the fibres, together with the 
disturbances ansing from the unlike conductivity of the fluids aind solid 
matters constituting in the cell-contents, render it very difficult to arrive 
at any g(>neral conclusions as to the specific heat of plants. 

From Dutrochet’s experiments, maae. with a thermo-electric apparatus^ 
it would appear that the specific heat of all parts of plants in their ordinaiy 
condition is rather lower than the temperature of the surrounding atmo- 

r sre. In cases, however, where evaporation was prevented by phuung 
ts in an atmosphere saturated with moisture, the temperature some- 
times rose from to per cent, above that of the Utmosphere. More- 
over a rise and a fall tooK place in the course of twenty-four hours, the 
* maximum occurring between ten and two in the day, the minimum at 
midnight. It was further observed that the specific' heat was only dis- 
poverable in the soft or green parts, not in the woodv structures. 

The experiments, however, which have been ma<ie to determine these 
points are by no means conclusive. It seems probable that the increased 
neat observed in the strm^ures of plants when evaporation is restrained 
depends upon the slow combustion of caibon, which is enabled to manifest 
itself when the cooling influence oC evaporation is removed. 
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dautly ovolvod, is constantlY accomT)anied by a risg of temperature, 
which is satisfii<;torily accounted for on cheinicai principles ; an J tbc 
“ hcafing ” of hea])H of gormiuating seeds is the more marked in con- 
sequence of the fermentation” (or decomposition throu{>h contact- 
action, § 741) by which it is always accompanied. 

886. The most remarkable instances of evolution of heat are those 
whieli oecur during the flowerinj: ^ pFant^ This rise of tempera^ 
ture ai)pears To Take place In all cases; Uut it is most strikingly 
disjdayi'd, of course, in plants which have a crowded inflorescence, 
and above all wlien this is surrounded by a structure confining the 
liberated heat, as in tluj sijathes of the Aracoa?, on which many ob- 
servations have been made. 

Arum macuhtmn, A. italictmu A. Dmmacttlus, Ji^ichardta atliwpicaj Colo- 
f'itmi odontf &c., the male intloivaeence of Ci/caH ctrctaa/t8, the lai^e solitary 
flowers ol’ f-V/cZ/M (frmulijtorm, liipionia rndicum, Victoria regta^ &c. are 
iiinong tli(} recorded plants in which the rise of temperature has been 
obseijkred. 

The greatest evolution of heat, after the opening of the spathe 
of Aracc^ui, is at the ])art where tlio male flowers are situated : after 
tlie pollen h.'is been discharged, the upper parts of the spadix grow 
wai-nier, and the lower parts cool gradually upwards. 

Experiments made to ascertain the cause of this heat lead to fhe 
conclusion that it is attributable to a process of combustion. Saussure 
found that the flowering spadix of Arum maculutwn abundantly ab- 
sorbed oxygen ; and Vrolik and DeVriese, comparing the temperatures 
attained by a spadix placed in oxygen gas and by one placed in common 
air, found that the fonner always exceeded the latter, while a spadix 
kej)t for a longer time in nitrogen gas did not manifest any increased 
temperature. 

887. Connected with the subject of the temperature of plants are 

the interesting obsciTations of Alph. T)o Candolle on the diffisrent ex- 
ternal tcmT)cratures reciuircd by different plants to stimulate them 
mtb either vegyrtative or Teprou^ It is well Jenown 

fliat any given plant will require a certain wim of heat during a 
season to enable it to go through its whole course of development, 
and that under certain limits the course of development will be passed 
through proportionately more quickly in warmer climates. Further, 
it is known that most plants of warm climates are killed by certain 
degrees of cold. 13ut it is further observed that certain temperatures, 
insufficient to injure plants, are at the same time insufficient to 

start ” them into growth, and that dificrent species of plants have- 
different constitutions in this respect ; while, on the other hand, 
excessive temperatures may render plants barren by over-stimulating 
vegetative action, as is observed in the Vine in the tropics, and 
commonly also in badly managed ezstics in our hothouses. 
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Sect. 2. Luminosity'. 

888. In most botanical works we find noticed tbe observation of 
the daughter of Linnacns, that she perceived a peculiar flashing lumi- 
nosity of the flowers of Tropatolv/rn majm on a hot summeys night— 
together with a statement tEat the sfimc appoaninco has been ob- 
served in the orange Lilies, Sunflower, Marigolds, &c. Tlie fact 
that all physiologists, fi'ora Saussiire downward, who have sought to 
repeat these observations, have failed, and that the appo«nranco is 
always assigned to orange or red flowers, leads to the belief that the 
statements are foundo'd on error, arising from the peculiar effect of 
these tints upon the eye. The influence upon the eye of the hrilliant 
orange and crimson flowers of some of the llhododendrons and 
Azaleas now grown in our gardens is very similar to that of looking 
upon a luminous body. The assorted luminositY of flowers is cer- 
toinly at present a very questionabJe matter . 

^ 8^. On better authorit;^ ^ namely of Humboldt. Xoes von IJscii- 
bcck, Unger, and othors rrcsts the fact that the, thallus of soine I'uTigi 
is luminous in the dark. Tlie impei^(‘.t thalloid stmcturo^dcscnl 
as Mhizomo^lia mhtei'r(mea^ occasionally met with in mines, exhibits 
upon its ramified structure points which possess an irregular ])hos- 
phorcsccnec, sometimes rising to such a degree of lurniiiosity as to 
enable surrounding objects to bo distinguish (^d. According to U ngcr’s 
observations, the light is not emitted from decaying matter, but from 
a peculiar supcrficijil layer of cellular tissue?. 

Phosphorescence has been obsciTcd in other mycelia, and it is also 
exhibited in the j)erfect Fungus of Aganmis olearhis and other species. 

Hotting wood is well known to be oftc?n phosphorf5scf3nt ; and sniiH» 
authors state that this does not depend upon tin? pr(3S('nc<3 of Fungi ; but, 
seeing the proved occurrence of phosphorescence in the mycelium of 
Fungi, it is most probable that the luminosity is attributable to them, 
especially as it is removed irrecoverably by drjdng up the damp rotten 
wood. 

890. The statement that the lAim Sclmtosteria oswuntZgem, which 
onlihe roots^ of ca^, is phosphorescent, has beeirdcclarcd by 

Mifdo to h^ CCToneoi^ We could^etcctno trace of it in observations 
made some years ago, and we agree with Mildo in attributing the 
appearance to the glistening caus^ by the reflections and refractions 
of light on the wet surface of the cellular leaves. 

According to Ma^us^ the milky juice of Euphorbia pliosphorea 
beA)me8 luminous wtien removed from the plants and liGateAjgcntl^ 

Sect. 3. Movements of Plants. 

891. The absence of the phenomena of motion was formerly 
imagined to constitute one of fte distinguishing characters of plants 
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as contrasted with animals ; but, in fact, membere of the Vegetable 
Kingdom not .only exhibit partial movements of their internal or 
extornjil structures, but in some cases the entire organism has the 
])OApr of locomotion^ 

^ ^rhe movements, however, of different plants arc dependent upon ' 
very diverse canseSji some of them being entirely mcchanical7an A due 
i<r physical afiecti^s of the tissues by the conditions of the surround- 
ing atmo.si)liere, and to Jilternatc conditions of turgcscence and 
exhaustion ; others arc mechanical in appearance, but excited by 
causes ^\•llich simj)le pliysical laws will not explain ; while a third 
kind dept'nd upon the contractile quality of the protoplasmic sub- 
stances, which gives rise to automatic movements comparable to those 
of the lower animals and to the ciliary motion found in particular 
tissues of the highest animals. 

^02. To the hrst of those classes belong such phenomena as the 
bursting of seed-vessels, anthers, &c., attributable to the hygroscopic 
conditions of the tissues, wdiieh, possessing unequal j)Ower of imbi- 
bition and unequal elasticity, are torn apart or cuiTcd in various 
ways by unequal contrfictions and expansions, caused by access or 
abstraction of moisture. ,Tlicsc5 are cases of what is called in 
common language “ warping,” atid can scarcely be regarded as vital 
jdionomona, Ixing definite modes of destruction of dead structures, 
resulting from specifil stnictural conditions. • 

SiKk The second class of movements arc those exhibited poriodi- 
ciilly, or under 8i)eeial stimulus, by the external organs of plants, 
such iw the ** sleeping ” and “ waking” of leaves and ilowei-s, and the 
movements of the Sensitive Plants, &c. To these may perhaps be 
added the less striking, hut not less enigmatical, movements which 
cause the twining condition .of stems &c. 

894. The movements of the third class are those already adverted, 
to in forinc*r sections, where the protoplasmic'matter of cell-contents, 
or free bodies, such as zoospores, si)ermatozoid8 (§ 737), or even 
perfect individuals, such as Desmldiecp, Oscillatoriacem (p. 439), ex- 
hibit temporarj" or permanent power of locomotion. 

The rotation of the protoplasmic cell-contents (§ 736) doubtless de- 
pends upon (imperfectly understood) causes similar to those which 
render many of the simpler jilants locomotive ; and the movements 
exhibit the closest resemblance to those of some of the Protozoa in 
the Animal Kingdom — ^in particular, of Amosla and its allies. The 
locomotion of free products of the cell-contents, such as zoospores and 
apermatozoids, is generally immediately resultant from the movement 
of dlia existing upon their surface ; and the same statement applies 
to the locomotion of the cell-families,” which form the repfesen- 
tatives of species in the Yolvocinem (p.*440). The locomotion of 
the OscUlatoriacem and Diatomacese (p. 439), however, does not 
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appear to be effected through the agency of cilia; at all events 
HO such structure can be detected with our present , means of ob- 
servation. 

, The ciliary motion of the unicellular plants and reproductive bodies is^ 
although inexplicable, a more general phenomenon of life than the move- 
ment of the Diatomacem &c., w'here these organs are not detected. Some 
authors incline to regard the motion of Diatoniucem as dependent upon 
osmotic currents, resulting from the interchange of matter between the 
cell-coutcuts and the surrounding water. 

895. Movements of various kinds, more or less mechanical in 
appearance, take place in the higher jdants through the power of 
imhihition and the elastkity of their tissues ; these movements are 
generally immediately produced by stimuli of various kinds disturbing 
the equilibrium in the tissues. 

Great difference in the pow’^er of inibibiiion exists in different kinds of 
celluhir tissue — collimchymatous tissues (§ 619), for example, swelling out 
when wetted, and contracting w'hen dried, far niorti than woody striictup js. 
Experiments have shown that the degi*ees of expansion and contraction 
vary in different plants and tissues of plants in a range from i 

the diameter of the cells. In cases of great contraction a wrinkling of 
the cell-membrane is generally involved. 

All living cell-membranes possc^ss a certain degree of elasticity ; and 
consequently a certain amount of diffcreii(;e of dimensions is d(‘pendent 
upon the degree} of tension or turgcscence of the cell from the presenc;** of 
fluid contents. (Jells in which osmotic processes are going on are con- 
stantly in a state of greater or less tension. 

The expansion of cellular tissue- through turgescence, permitted by the 
elasticity of the membranes, appears to have a much smaller range than 
the expansion by simple imbibition. The experiments of Unger and of 
Brucke give a range of to 

t 896. It is evident that the elasticity of parenchymatous tissues 
must be capable of eaSerting influence on the position, form, and 
direction of the organs of which they form part. Supposing a tissue 
to be uniformly developed, its expansion through turgescence need 
not alter the general form, nor the relative position of the parts ; but 
if unequal endosraoso take place in different parts, causing distur- 
bance of the equilibrium of turgescence, curvature and distortion 
must ensue. Again, if an organ is composed of regions in which the 
tissues differ in degree of elasticity, it may suffer a disturbance 
of the equilibrium of turgescence still more readily ; and this is pro- 
bably the cause of most of the automatic movements of organs of 
plants. 

897. The equilibrium may bo disturbed by various stimuli, mecha- 
nical and chemical. When an organ is strikingly affected by mecha- 
pical influences, we have the phenomenon of ** irritability,” such as 
we see in the Ifensitive Plants, Dimom, &c. The ** sleep” of plants 
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is doubtless a phenorncQou differing only in degree ; and this slower 
iDOvement is probably attributable to the chemical action of 
light. ‘ 

898. The movements of , plants consist for tho.mostjart of the 
curvature or the f )l(Iing-iip of organs ; an 3 in su(?h cases the organs 
are always found to possess certain peculiariti(^8 of structure and 
mode of union to other organs. 

The movements tahe ])] ace periodically (in consequence of the 
regular alternations m external influences^ or irregularly (from the 
accidental influence of sjiccial stimuli). 

899. Periodical inovcinents ore more particularly connected with 
the influence of lieat and ligtit ; and their degree is generally more 
or less proportionate to the. itilciisity of these influences. 

The most common kind of movement is that in w^hich expanded 
leaves or floral envelopes return to the position which they originally 
•icciipied, or close up into the same folds which they exhibited in the 
bud#. 

Compound leaves, likt? those of Tiegnmiiiosae for instance, display a 
simple or compound inovennut; in the llean (Faha imh/aj'ift) the leaves 
fold upwards, in Lu/ivtifu dowpwaids, in Tamarindm to the side. In 
Amoi'j)ha fndicosa and (tJnliftiMa tnavaHlhm the rachis or common 
pi'tiole of the comp(»und leaves rises or sinks, while the leaflets turn down- 
wards or to the side. In Mimma pudira the leaflets fold together, the 
partial petioles approach each oilun*, and the rachis or main petiole sinks 
down. 

900. WTion such movomoiits of loaves or foliacoous organs occur 
at particular hours, and the stiuctures remain in the new position 
until the recurrence of a ]isirtieular period, the closing up is called 
thes7/?r/> o f plants, which is observed both in green leaves and in the 
petals of flowers. 

Tlio epoch at which the movements take place is very varied. 
Ordinarily, leaves ex]Mind in the daylight and close towards even- 
ing, while flowers exliibit a great diveraity of habit in this respect — 
so much so, indeed, that Linnaous was enabled to draw up a list of 
flowers, fancifully termed a “floral clock’’ (horologium Floras), in 
which a periodical movement (opening or closing) marked each suc- 
ceeding hour. 

Iponicpa Nil and CalysUgia scjimm open their flowers at 8-4 a.m. ; TVa- 
gopogm at 3-4 a.m., closiug again berore noon ; the Nymphmee, Nuphar, 
Laciuca, &c., about 0 a.m. ; AnayaUh arvenm, 8 a.m, (closing again when* 
the sky is overcast) ; OmUhogalum umhellatum,\\AM, ; MesembryanthacesB 
generally about 12 ; ^lem noctyiora, Q^otJtjera biennis, MirahUis Jedapq, 
&c., 5-7 P.M. ; Cereus grandjfiorm See,, Datura, Mesembrijanthemum noc- 
tiflorum, &c., 7-8 p.m. ; Victoria regia opens for the first time about 6 p.m., 
and closes in a few hours, then opens again G a.m. the next day, re- 
maining open until the emmoon, when it closes and sinks below the 
water. 
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Some closinff flonrers may be caused to open by exposure to strong arti- 
ficial light (O’ocf/s, Gentiana vonia)] on others {Cmvolvuhs) this has 
no efiect. 

901. In most of the periodical movements the motion is very 
slow ; but certain exc*ei)tions to this exist. Thus in the leaves of 
Desmodium yifmns and other 82 >ecies, the laheJhnn of Meffacihiiuni 
falcatum, the styles of Stylidium adnatum, and others, the move- 
ment is quick enough to be directly perceptible. 

In Desmodium fft/rnns (the Telegraph -plant) the trifoliolato compound 
leaf has a large terminal leaflet, and a smaller one on each side. \Vheu 
this plant is exposed to bright siinlighi, in a hothouse, the end leaflet 
stands horizontally, and it falls downward in the i*vi*ning ; hut the lateral 
leaflets move constantlv during the heat of the day, adva?icing edge first 
towards the end leaflet, and then rtflreating and moving towards the base 
of the common petiole, alternately on each side, in a manner v(*ry well 
compared to the movements of the arms of the old semaphore, l.eh*grnphs. 
In Megaclininm falvafum (Orchidacoje), when exposed to suflicit'iit heat, 
the labollum rises and falls slowly in periods ot several minutes; this 
structure is also irriiuhhy and moves more quichly, with an oscillatory 
motion, when touched. 

902. Irregular or irritable movemon ts^ take place in a. great variety 
of ])lants, oT wliicti the followiiig paragraph contains the most 
striking examples ; — 

Leaves ; The Sensitive Plants ” (Mimosa pmlica, seusitivn^ rasfa, and 
many other 8p(!cies) ; JJ^Whymmeue smmiiva, indieaypumila ; Smithia svnsi- 
iiva\ Desmanthns stoimiftTf impielris^ lacftsiris; Oxnlissemiiiva^ and, in less 
degree, Oxalis stneta^ AceUmUa, corumtUda, Deppei, i\:c. ; Rohiuia Pseudo- 
acacia folds its leaves when violently shaken in the morning; lastly, 
Diomea mnscipula^ the 'S^mns's Fly-trap. 

In the case of the sensitive plant (Mimosa pudtea) tlicrc is ajswelliiig 
at the base of the petiole, tin; cells of which constitute, as it wore, two 
springs acting in contrary dirtjctioiis, so that, if the one from any cause be 
paralyzed, the other pushes the h^af in the direction of least resistance. 
These springs, if they may be so called, are set in action by the rush of. 
fluid creating a turgid state of the one sot of colls and an empty state of 
the other. What circumstances regulate the turgescence are only im- 
perfectly known. The spontaneous slow movement which occurs at 
stated periods (movements of sleeping and waking) is different from the 
sudden motion caused by external stimuli. Ether paralyzc^s the latter, 
but has no effect on the spontaneous movements. There is no special 
•contractile tissue in these plants. 

8tamen » — curbing towards or away from the stigma and dehiscing when 
touched : B^heris vidyaris and other mjecies, Pariefaria jndaica, Spar- 
rfumnia oefricana, Cereus grandiflorvs^ MeUanthetnum rvdgare and other 
species, and various plapts of the tribe Oynarete (§ 44!1). Other curious 
movements of the stamens and pistils, and also of the staminodes, arc 
alluded to under the head 6f Fertilization (§ 869). 

Style : QMfama anUophyUaf Myrtynia, Mimwm Leftoim, &c. 



M0VKM15NTS OP PLANTS. 


629 


90r3. The peculiar movements of the pollen-masses of Orchids have 
already been alluded to (p. 383). Another illustration from Orchis 
pyro/midalis may hero be given. In this plant the two caudicles of 
the pollen-masses are connected together by a saddle-shaped disk, 
the i)ollen-masaes when in the anther being nearly vertical in direc- 
tion and parallel one to the other. When removed from the anther 
b}^ the proboscis of an insect or the point of a needle (fig. 559, a) the 
saddle-like disk contracts so as to attach the pollen-mass to the 
needle &c. Then occurs, first a divergence of the two pollen-masses 
one from the oilier, and subsequently a depression, so that they 
assume a n(*arly horizontal direction (fig. 559, ft). In this position 
they arc so placed as to come into contact with the V-like stigma of 
another flow’cr and thus effect cross-fertilization. 


Fig. 559. 



OrehiM pyramidath: a, pollon-maRnpajuBt removed from tlio anther, vertical; 
6, polleii-ninsses divei^cnt and horiaontul. 


904. Those movements of young stems and appendicular organs 
by which they coil spirally round bodies supporting them are 
attributed by some authors to a kind of iiTitability, the stimulus of 
tlio contact with the su])])orting body causing the growing stem to 
curve itself over continually, producing ultimately a coiled condition. 
The direction of the turn’s of the coil, right or left, depends upon 
special tendencies of the particular plants, some (Hop) turning to the 
right hand, others (Convolvulm) to the left (the observer supposing 
himself to stand in the axis of the spiral). 

905. This explanation of the coiling of stems is not very satis- 
factory, nor arc those which are offered of the curvature of the 
growing-points of plants and the upper faces of leaves towards 
the light. If a leafy shoot of any plant is bent down, without injury, 
so as to reverse the usual position of the faces of the leaves, the 
latter will twist upon their petioles and turn their upper faces to 
the light. Shoots of slender-stemmed, quick-growing plants, suefi 
as the Jasmine, Ampehpsis, &c., when trained into a dark recess, 
turn their growing-point backwards in a sharp curve, and grow 
towards the light, the leaves on the older part stem also tiyist- 
ing round to face the light. The influence of lateral light is di- 
stinctly seen in plants grown in rooms, in front of windows; while, 
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the “ drawn-up ” condition of closely planted trees is an equally evi- 
dent result of pref)onderatinj? top-light. 

The phenomena of the movements of climbing plants, including the 
spontaneous revolving movement of tendrils &c., and that dependent 
on contact, have been studied in detail by Mr. Darwin, who has 
shown that oigans of the most diverse morphological character may 
nevertheless exhibit the same phenomena. The movement of de- 
pression in the branches of trees in frosty weather has been investi- 
gated with great minuteness by Professor Caspar}’^ ; but the inducing 
causes of the movements are at j)resent imperfectly known. 

It appears, from the evidence at present existing, that the blue and 
violet niys are the most efficient in causing tlie growth of stems &c. towards 
the liglit. It is .certain that the result is not produced by any attraction 
comparable to magnetic action, hut hv influence on the development or 
turgescence of the tissues, since experiment has shown that seedling 
plants freely suspended or floating in waiter ant not mechanically moved 
towards light Emitted to them from a particular point in a dark 
chamber. 
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PART IV. 

GEOGRAPHICAL AND GEOLOGICAL 
BOTANY. 


CIIAPTEK I. 

GENERAL CONSIDEILVTIONS. 

ROt). The object of this* dopartmeot of Botany is to determine the 
laws which rule over th(^ Di.^trihution of riants in Time and Si)ace. 
This abstract study is founded u])oii the facts furnished by Botanical 
(jleofj:raphy and (leolojry, or the description of the present and past 
(jondilions of the Vegetable inhabitants of the globe, and, in return, 
suppliers thos(j branches of jiractical inquiry with principles by mo^ns 
of which they may be systematized. 

lioianica} Geography^ ’which undertakes the description of the pecu- 
liarities of tin* vegt^tation oeeurriug at ])i*08cnt upon the earth’s suiface, 
and liotawral Gvolopy, which pui*sues the in\ estimation of the conditions 
of vegetation which huvtj successively existed in diflereut Geological 
cpoch.s, deal wdtli fuels so far distinct in their character that it is most 
convenient to treat of them separately ; but the pritmples are common 
to both, and may ho taken as one subject. 

J<]xplanations of the facts which are obtained by geological inquiries 
can only be securely founded, eitlier directly or indirectly, upon laws de- 
rived from facts funiisbed by experieiujo of existing phenomena ; hence 
the principles laid down in the present chapter are for the most part 
only actually valid in relation to existing conditions, and, the subject yet 
being in its infancy, are mostly only speculatively applied to the elucida- 
tion of geological phenomena. 

Sect. 1. Influence of External Agents upon Vegetation. 

Climate, 

907. Plants aro endowed with means of diffusing themselves, mor& 
or less efficiently in different cases, over the surface of the globe ; but* 
in most cases their existence is limited to cert ain regions or countries. 
Geographical obstacles prevent their spreading indefinitely : — some 
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subject to be overcome by accidental influences, such as soas inter- 
vening between countries, and the like ; oth(?rs wlii<?h can neither be 
conquered nor evaded, such as climate, which fixes unalterable limits 
to the stations which can be permanently occupied by si)ocies. 

908. That Cold and Heat, Damp and Drought, intensity and du- 
ration of liiglit, the chief constituents of what we call Climate, are 
the most important of the external influences acting upon plants, is 
a f»ict manifest not merely’ from the conclusions at which we have 
arrived in the study of Vegetable Physiology, but one which is re- 
vealed by the most slender expenence of horticulture and the most 
Buperflcitil acquaintance with j)hy8ical geography. 

The nature of the soil doubtless has also much infliumce on the 
distribution of plants, dependent less, probably, on its chemical com- 
position than on its mechanical constitution and hygrometric state. 

909. Every species of plant flourishes best within a eertiiin range 
of temperature, beyond which, on both sides, it cither suffers from 
summer heat or is killed by ^Wnter cold. 

910. If the earth’s surface were of imifonn (haracter, we nlight 
expect to find forms of vegetation arranged in bands or zones suc- 
ceeding each other from the equator toward the ])oles, ea^h occupicMl 
by plants hardier” than those of ifs< equatoiial neighbour. Such 
zones of vegetation have in fact been laid down by botanical geo- 
grjqihers. Meyen drew up a plan, in which a number of zones 
were marked down, defined on each side by lines passing round the 
earth at certain parallels of latitude, between which a certain average 
climate was assumed to exist. 

But, from the want of uniformity of the surface of the globe, the 
isothermal Zvngg, linos passing through spirts which ba\y ancfiual 
annual temperaturq . by no means coiTC3T)on7i to parallels Platitude— 
the distribution of fand and sea, and the alternation of plains and 
mountains, deflecting such lines to the north and south, sometimes 
to a very great extent. In addition to this, from the diversity of 
habit of plants, they are differently affected by heat and cold, and 
the distribution of species is far more influenced by the summer and 
winter temperature than by the entire amount of heat received 
during the year. 

Nevertheless, as a general nile, plants have a polar and an equa- 
tarial limit, fixed by temperature. 

Temperature as regards plants may be divided into useful, useless, and 
injurious or destructive. Each plant requires a certain sum of heat to 
live, BO much more to flower, more still to rij)en its fruit, &c. Within cer- 
tain limits it is immaterial whether the plant get this heat in a short period 
<or.dififii8ed over a longer time. Temperatures below 32® F. are useless to 
most plants (that is to say, vegetative action is arrested) ; but many sur- 
vive at a much lower texuperature. Every plant has a zero of its own. 


INFLUENCES OF CLIMATE ON VEOEIATION. 


911 . An important 'qualification arises from the existence of high 
mountains within tcinpdirate and tropical latitude^. Tho tempera- 
ture of tho soil, and atmosphere diminishes with the degree of ele- 
vation above the surface of the ocean ; and a succession of limits fire 
found upon the sides of high mountains comparable, and in a great 
degree ju'oportional, to the ijolar and equatorial limits of plants. 
^Mountains situated in the tropics possess zones of climato which, 
at successive (jlevations, resemble horizontal zones situated between 
the base of the mountains and the poles. 

9 1 2. !Moisturi> and drought are only to be called secondary climatal 

influeiKjes, from the circumstance that they depend in a great mea- 
sure upon tenijierature, cither directly or indirectly. In the Arctic 
regions and u]»on mountain-tops, covered with eternal snow, there is 
drought from the sedid ideation of the water. In temperate and tro- 
pical r(*gions the degree of humidity is dependent not merely upon 
Icmjx'rature, but iqion tliis combined with tho configuration of the 
surlace of the earth and tho nature of the soils. Wherever the tem- 
poral uri*, of the atuiosphero is above the freezing-point of water, it 
takes up aijueous vai)our ; even ice evaporates in warm air; and 
water evaporates in j)roportion to the temperature to which it is 
cxi)os(!d. • 

'J’lie oc<*an, esjjecially in warm latitudes, gives up vast quantities 
of aqueous va])our i<i the atmosphere, which it delivers in very 
various ways to tlio land regious. Islands and coasts in general 
have a moist climate, while the interior of continents is dry : but 
tlieR(5 rules an^ interfered with by currents or prevailing winds, 
carrying air loaded with moisture in particular directions. As an 
cxam])le of this, we find the west cojist of Europe with a much 
damj)er climate than the opjiusite east coast of America, owing to 
the (Sulf-stream and the winds bringing the moisture of tho West- 
Indiaii Sea in a north-west current on to our coast. On the con- 
trary, the prevailing winds blow. off the west coast of North Africa, 
and those received on the north-east side come from over dry land, 
whence a vtist tract of land lying in tliis continent becomes an arid 
desert. 

TIuto is a great difference also between mountainous and flat 
countries. Tho (jold n])y)er regions of tropical mountains arrest the 
prevailing (uirrents of air and jirccipitatc the moisture which they 
conUiin. H(‘m:e the tracts at the foot of mountains are well supplied 
Avith moisture if the altitude is suffieient, as at the south slope of' 
tho Himalayas and the east slope of the Andes. JEtna, which does 
not reach the line of i)cr})etual snow in Europe, has arid and barren, 
slopes in tho upper regions. 

These very general indications of climatal influence must suffice here 
to show how importantly A^egetation is aiiect»d by physical influences. 
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A complete account ol‘ this brancli of the subject would require a volume 
for itself. 

913, Of all the influences to which P^nnts are c^^posed, c limate i s 
the most Imuortaift ;^t s^s t^scdule limits terspomes^ wtiicli is not 
tlie case with auyTSlier of the causes affecting distribution. 

Sccondarij Natural Influencea, 

914. There is no doubt that the distribution of plants is greatly 
affected by the couvoyanco of seeds, fruits, tfec. from place to place 
within the same climatal region, by marine currents, rivers, winds, 
&c., and by animals, especially birds. 

An example of diffusion by marine currents is furnished by the occur- 
rence of the Cocoa-nut Palm fringing the islands of the l^icitic; and it is 
probable that the mixed vegetation of many islands is to be accounted 
for ill part by such causes. Marino ciirrenls arc of most importance when 
they pass along coasts, or across tracts of ocean in similar latitudes— such 
as that part of the (.Tiilf-stream running in tlic M(?xican (lulf, the cur- 
rents running from Madiiira to the Canaries, from the last to Senegal, 
the east-to-west current of the Society Islands, &c. liivers will also bi‘ 
most influential when they flow from the east or west, (/urrenls of any 
kind passing northwards or south wards* are less likely to convey seeds 
&c. into a suitable climate for their naturalization. 

The winds do not appear to he very mfluential in transporting l*liane- 
rogitmous plants ; but tlio cosmopolitan distribution of the Cryptogainia 
' is at least partially attributable to the facility with which tlieir luicro- 
scimic spores are carried away by cuirents of air. 

Icebergs probably have some share iii dillusing plants, since they are 
often found loaded with masses of earth containing seeds, which they 
occasionally cast upon strange shores. There is reason to believe that 
this kind of influence was for more actively at work in^^orth Europe in 
the geological period preceding the present. 

The transport by animals takes place partly through migrating birds, 
partly by quadrupeds which have wandering liabits. Among birds, many 
of the omnivorous kinds (for iustancH the Thrushes^ migrate from north 
to south ill autumn, at the time when berries and similar fruits are ripe, 
and they often void the seeds of these fruits little altered. Animals 
Which, like the northern Keindeers and the IhifFaloes &c. of other lands, 
travel from place to place in troops in search of food, doubtless often 
carry seeds and fruits adhering to their fur into new localities. Flocks of 
animals transported through human agency become more fruitful sources 
of this influeuce. 

* 915. Animals may likewise greatly affect vegetation in the way 

of limitation. The invasion of a; region by fLoclra of graminivorous 
quadrupeds, the sudden appearance of plagues of locusts or any 
pther of the numerous insect enemies of vegetable life, may quite 
change the character of the vegetation of a district, somewhat in the 
manner in*whicb a totally different assemblage of plants springs up 
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on the ground cleared by burning the primaival forests of South 
America. 


’ ’ Effects of Human Interference. 

916. The results of the activity of man display themseives in both • 
extensions and limitations of the distribution of species. 

From the lime of the earliest migrations of the human race, cer- 
tain plants must have been in a condition of constantly increasing 
diffusion. The native countnes of our Cereal grains are not satis- 
factorily known : they have been or are cultivated wherever they 
will grow in Europe and the adjoining parts of the other continents. 
Doubtless many of what we call weeds have shared in the transport 
of the seeds of useful jdants, having been cithcjr mixed with them or 
accidentull}'^ adherent to the clothes, goods, or domosticated animals 
of the wandering races. 

Transport of this kind would be still more active as agriculture 
extended ; and wars, thoim])roveinent of navigation, the discovery of 
the* New World, and countless minor events conl-iibuted to inercase 
the interchange of tlie natural products of different regions, either 
intentionally or by accident. 

Systematic cultivation of land is peculiarly favourable to the in- 
termixture of new elements in the floras of ])articular regions, from 
the fact that seeds of many varieties of useful plants are const^^ntly 
iin])orted from climati?s wliore they iij)eu better or can be kept more 
easily at a higher standard of excellence. 

Clover-seed, for instance, is largely impoited into Britain from France 
and Germany j many of the wochIh of our arable lands have doubtless been 
introduced with fVmngii setjd, such ns Adoms^auturmialis, Vcrmiica Btix- 
baumtij Pirfmve/sofnniferumf &c. Ballast-heaps at sea-ports, where vessels 
returning home from foreign countries discharge their ballast, have be- 
come fn^quent sources of new importations; and merchandise, such as 
cotton, but especially seeds, fruits, dye-stufls, Ac.; often contains seeds of 
plants, some of which now and then acqiiire a footing. 

Horticulture is so evidently one of the most important influences in 
the diffusion of plants, that it is scarcely requisite to dwell upon it. 

918. On tho other hand, human industry has a great tendency 
to exterminate particular forms of vegetation, or, at letist, to greatly 
affect their relative predominance in a given region. The destruction 
of forests for the purpose of clearing land for cultivation changes 
the whole face of vegetation, and oven, to some extent, affects the* 
local climate. 

Instances of ch'anTO of this kind might be firniished from almost evei^' 
part of the globe. North Europe was clothed in. early times of the pre"t 
sent period with dense forests, long since cleared away to give place to 
cultivated plants and a multitude of wild pl&ts suited to the difierent 
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conditions of the soil. The forests of North Amofica are^ in like manner, 
disappearing by degrees under the hand of man. ^ 

The change is not merely one kept up by a continual effort of cultiva- 
tion ; the original vegetation does not tilways reestablish itself whe^p the 
region is deserted. New kinds of plants spread over the cleared ground 
' and new animal inhabitants come to check the efforts of the old forests to 
renew themselves. 

Sect. 2. Influence of tee Laws of Development of Plants. 

919. If we leave out of view the (][uestion of the origin or creation 
of plants, th(irc is no reason why any given species should not exist 
in all places where the climate is suitable. 

Some kinds of plants are, indeed, very widely spread over tlio surface of 
the glob(\ Dr. Hooker has enumerated upwards of .‘iO specnes of flower- 
ing plants conimon to Northern Europe and the Antarctic regions. A 
considerable number of North-European species extend round the globe 
in northern hititudes, in the colder parts of North Aiiierica and Asia. 
Not a few of our plants occur also on the Himalayan Mountains. 
lohiutn tetragonmrif a British species, is found in Canada and in Tierra^dcl 
Euego. Our white Iledge-t/onvolvulus, with some other British plants, 
occurs in the (lalapagos Islands. Many of the Falkland- Island plants 
are met with also in Iceland. Plant-ago maritirnUf a common sea-side plant 
with ns, is found at the Cape of Good Hope and at the southern extremity 
of America. 

92^0. Instances, however, of such cosmopolitan plants arc cxc('])- 
tions to the rule, and the majority of the plants occurring over wide 
extents of the globe present characters which facilitate thtur dif- 
fusion by natural or artificial influences. 

The plants (Plianerogamia) occupying ev(m one-third of the earth’s sur- 
face aro but a small fraction of known plants. Many of these tu’o aquatic or 
subaquatic plants ; and a considerable number belong to the list of weeds 
which accompany man, growing in cultivated land or rubbish &c. ; few 
or no woody plants occur in the lists hitherto published. ^ 

921. It is observable that those cosmopolitan species which occur 
widely spread over two continents arc found also in the adjacent 
islands. 

The arctic plants occurring in the continents of the Old and New 
World am found also in the laroes, Iceland, and the Aleutian Islands. 

922. On the other hand, certain plants occur only within very 
narrow limits ; this is the case with many continental species, but 
.more particularly with insular plants. 

St. Helena, Kerguelen’s island, Tristan d’Acunha, Madeira, &c. have, or 
once had, peculiiu species ; the archipelagos of the Canaries aiid the Gala- 
pagos have species peculiar even to particular islands; California, the 
Cape of Good Hope, qertain regions of the Andes, &;c. possess species 
strictly limited to those rc^ons. 

923. The floras of many islands which possess peculiar species 
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include, besides, a greater number of species common to the islands 
and the nearest continents, or other islands, or both*. 

Of i}72 species* of Phanerogamia and Ferns occurring in Madeira, 85 
only are peculiar, and 480 occur also in Europe. The Azores have 280 
out of 425 in common with Madeira. The Canaries and Madeira have 
812 species in common, Madeira and Gibraltar 170 in common. Great 
ilritniu Jias no species of Flowering plant peculiar to it : some of its 
plants arc common in Central Europe, others in Western Europe ; others, 
again, extend through the Faroes, Iceland, North Europe, and North 
Asia and America. 

924. Generally speaking, the species of plants of a continent are 
found most abundantly over a particular more or lass extensive tract, 
growing scarcer, more or loss suddenly, at the margins of this space. 
Such a space, called the area of disfaibiition of the species, in these 
cases exhibits a centre or point ot greatest intensity of occurrence. 

925. The areas of many plants extend not only over continents, 
hut over detaclied islands, and even to otlier continents. In many 
instances species ore spread intermpk^dly over their area, as is the 
case* with the alpine plants common to Norway, Scotland, and the 
A]])b, &c. 

920. It is usual to find the maximum of a species in one country, 
forming u single centre ; and fills same species does not recur again 
with a centre in a distant spot with a similar climate and sod. But 
representative xj}ecies of the same genus occur not unfrequently under 
such circumstances ; and this is still more the case with genera of 
jiarticular Orders, sometimes also with Orders of like habit. 

Thus, the Violets of Europe and those of North America are distinct ; 
the dwarf Palm, CJeammrops hmiilis,- of Europe, is represented by C. 
PalmesUo in North America. The Heaths (Eriva) of Europe are repre- 
sented hy diilenmt species at the Gape of Good Hope. The East and 
West Indies and Africa have their peculiar PalmacesB, Zingiberaceee, 
Miiraniai^ieiB, &c. The succulent Oaetaceoe of Central America represent 
the fleshy Euphorhiaceie, Asclepiadaceie, and MesembryanthacesB of 
Africa. The Cape Heaths are represented in Australia by i^acridaccee, 
associated in like manner with Myrtaceee and Proteacem. The Firs of 
the southern hemisphere belong to genera distinct from those of tb(v 
uoithem hemisphere, &c. 

927. The evident absence of a constant relation between the 
existence of certain cHmatal conditions, and the occurrence of par- 
ticular species of plants — still more, the existence of* limited areas 
of distribution, often exhibiting centres of greatest abundance — ^have 
led to the supposition that the individual species of plants have been 
created at particular centres, whence they have spread themselvee 
over more or less extensive tracts, in the eonrse of their extensiqn 
becoming intermixed with other species, and thus producing complea 
assemblages. 
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Tho spreading of what are ctilled social plants^ such as pasture-Grasses, 
Furze, various forest-trees, &c., illustrates tho fiuulity with which many 
plants extend themselves- over new ground. Tho Anacharvty a North- 
American water-plant, has been diftused all over England witliiii the last 
ten yeoi’S. The diiliisioii of certain plants is also greatly dependent on 
the success of some plants over others in tho strugglcfor existence which 
is ever going on in nature. It does not follow that the wildphtnts in any 
given area aro those which aro best adapted for that sitiiatinu. Tliey ore 
often the weakest, and aro overpowered by other plants. In this' way 
native vegetation constantly gets exterminated by foreign intruders. 

928. In this hypothesis, it is unimportant whether we imagine a 
single plant (or pair of dioecious plants) or a more or less extensive 
assemblage of individuals to have boon created on tho same spot. 
This is a question im 2 )ossiblc to he solved by science. 

Some authors believe that species have biion created at many points 
where the conditions were tilting, explaining in this way the interrupted 
amas of certain plants. 

929. The facts revealed by Geology, as well as by Botany itself, 

tend to prove that creation of species hiis becu not simultaneous, 
hut in di&ereht geologicjil periods. Not only do we' find 

fos^irplants different from living vegetation in the older formations, 
but those bods immediately preceding the present surface of the 
earth contain not only remains of animals of existing species, but 
fospil plants closely resembling, if not identical with, existing plants. 

930. Numerous cases of scattered distribution of existing vegii- 
tation cannot, be explained by reference to existing influences, such 
as transport &c. (§§ 914, 910). Tims species with large seeds grow 
in countries between which exist ap 2 )arontly iiisupcrahh? obstructions 
to transport. ; many species aro common solely to the tops of verj’ 
distant mountains ; many widely distributed aqiiaticj plants produce 
seeds which sink to the bottom of the water wheji ripe, &c. 

Again, species arc wanting in regions so w'ell adapted to their 
existence that, when artificially introduced, they establish themselves 
like natives. Certain countries, separated by broad oceans, have 
more species in common than cither the distance or nature of the ir 
fclimato would render probable under ordinary circumstances ; while 
contiguous countries, with similar climates, sometimes present very 
different species. ^ 

Some countries are remarkable for a great number of species in a 
given area, others for paucity of species. 

Lastly, species of simple structure (Hushes, Grasses, &c.) have often 
wide range, even though their seeds are not more easy of transport 
•than usod, while others of higher organization, with seeds or fruits 
easily transported (Qomposit® &c,), often occur in very limited 
are^. 

931. To sum up those statements, the occurrence of each species. 
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as a gfencral rule, in one region rather than another^ their abundance 
in i)articular localities, the extension and especially the disjunction 
of species destitute of efficient means of transport, the non-exten- 
sion, on the (iontrary, of species possessing seeds easy of transport, 
certain analogies and certain differences between the floras of several 
countries, and their relative richness in distinct forms — all these 
imjjortaiit jdicnomcna are inexplicable by causes now in active 
operation ; and we are consequently led to seek their solution by 
the aid of gc'ological inquiries. 

E<lward EorbtJs was the tirst to open this line of inquiry, in a most 
acute and ingenious Essay on the Origin of the existing Flora of Britain. 
Dr. Hooker has pumiied the same line of reasoning in his inquiries into 
the botiiiiicjiil geography of tlie southern hemisphere. 

Sect. 3. OKOLOGicAii Influences. 

Natural Scicnee is incaiiahlc of elucidating the actual origin 
or creation of organic beings ; but it seeks to trace up, as nearly as 
possible, to the earliesl periods the phenomenfi exhibited by created 
tilings or beings ; and tlie botanist seeks, by geographical and geolo- 
gical inquiries, to discover the probable ahorigiiud localities of species 
of plants. * 

. It is impossible to say in what part of the globe plants first appeared. 
Probably they grew on" lands now submerged boiienlh the ocean, or, still 
more liliely, they wen? perishable aquatic plants which have h.*l't no trace 
of their existence. Geology teaches that the dry land of the globe has 
been successively elevated and d«»piv.«sed below the surface of the sea at 
various (>]iochs since plants were Jirst created ; hence there have existed 
successive and vnriaole centres of ci’eation. There may have existed 
means of communication between different centres, so that species may 
have passed over from one to another, and in this way survived in a new 
locality the destruction of their birthplaire. 

9Ji3. Species have made tlioir appearance 'successively during 
different geological epochs, and have had more or less extended 
duration. 

Probably most of our existing species date from an epoch anterior, 
to that at which the existing continents acquired their present con- 
figuration. 

They may have spread widely in ancient times, and their area 
may have been broken up subsequently by obstacles now insur- 
mountable. They may have been triipsported in paat ages by causes 
not now in operation. 

Thus the disjunction of certain alpine and arctic species, that of aquatic 
or marsh-plants in distant countries, that of large-seeded plants in iiuands 
and more or less distant continents, may he explained by their antiquity 
or former wide diffusion, as well as by suppiising creation {vt various 
points. 

2f2 
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934. The species at present confined within small areas, in spite 
of means of transport or continuity of land and suitable climate, 
would appear to be those of most recent creation ; that is, they, seem 
to have originated since the (ixisting continents were formed. Widely 
spread species which arc difficult of transport arc probably the most 
ancient. 

935. In the comparison of successive geological formations, it ap- 
pears that the earliest plants were chiefly species of Bini]flc organiza- 
tion and few in number — and that by degrees more higlily organized 
plants were added and rejdaced many of the earlier ones, wliieh 
perished. In existing vegetation the simpler kinds seem to be the 
most ancient, and those of more complex structure mon? recent, 
judging from the mder diffusion of the former than the? latter. 

Ligneous plants established ihemselv«\s in northern and toinptn-ale 
countries at an epoch when the climate must have hetm more humid and 
more cloudy than at present. At the present time, n'gions in iht* South 
of Europe, North Africa, the Canaries, the Southern United States, and 
elsewhere, once cleared and exposed to the infiuence of the sun, do not 
become clothed again by forests such as tliay possessed foriiK^rly. Ooiii- 
feneand Amentar^eous plants, which form the chief constituents of forests 
in these regions, are Phanerogamia of low organization. Their probabh.* 
anti(j[uity, judging from their occurrence* in masses in certain conntrii.‘s, 
confirms tlio view that existing specitis are of unerpial antic][uity, and that 
tha older species are of lower type. 

936. The facts of existing Botanical Geography arc in gcn(‘r.'il 
clear and concordant, if we suppose that the most ancient ajituies 
of Phanerogamia are, first the majority of jdants eilhcr aquatic or 
loving moisture, then many northern and alpine plants and most 
of the trees of our temijcrato regions — and if we suppose at the sarnie 
time that the most rocent species occur principally among the plants 
of warm regions, among the Dicotyledons with an inferior ovary and 
a monopetalous corolla (such as Com]) 08 it 8 D, Dipsacem, Campaiiulacem 
&c.) and among the other Phanerogamia with structure complicated 
in other respects (such as Orchidaccac, Palmacea?, Apocynaceao, Asclc- 
piadacoae, Cucurbitaceae, Passifloracem, Begoniaccic, &c.). 

The considerations stated in this Section are derived, with slight modi- 
fications, from the ' G4ographio Botaniqiie ’ of Alph. l)e Candolle, a most 
important general work on this subject, which snould be studied by all 
those who are interested in these questions. 
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CHAPTEll II. 

150TANICAL GEOGRAPHY. 

Sect. 1. Distribution op Pjants in Cltmatal Zonks between the 
Equator and the Poles. 

J)I57. The description of the actual conditions of vegetation on the 
surface of the globe is a subject embracing a vast amount of facts, 
wliicli are not only cajiable of being considered under many different 
points of vii'Av, Imt in niauy respects offer at present only fragmentary 
materials for CKtablisliing iirinciples. In the present work, where 
only a limited syjaee can be allotted to this department, it is necessary 
to confine ourselves t-o a. few of the principal generalizations, calcu- 
lat(jd to give an insight into the characters of the study, but con- 
fesst^dly v('ry imj)(‘rfect- as rei)rcsentations of the natural phenomena 
with which it deals. 

Tn the preceding Chapter we have seen that climate has a 
most im])ortaut inllumice upon vegetation ; and proceeding on this 
ground, it is possible to divide the surface into climatal zones, within 
which a certain average chanactcT of vegetation exists. But mere 
temperature is bul <»rie of the infliumces : and it is evident that many 
diverse conditions must (*xist within such climatal zones, dependent 
upon the oHkt influences above referred to (§§ 907-912). Hence, 
although the general view's fifforded by marking out climatal regions 
are useful to the beginner, it is necessary to bear in mind that they 
are essentially superficial. Tn MeyonV subdivision of the globe, the 
zones W'ere defined by parall^s of latitude ; but tlib distribution of 
temperature, thcT chief figent here regarded, is so irrelative to the 
parallels, especially in the northern hemisphere, that we have modified 
them by Iwthei'mal lines obtained from Dove’s maps. The isotherms 
sclc'ctod are mostly annual temperatures ; but m defining the Arctic 
regions it has appeared more natural to take the line indicating 
an (Miual temperature in the months of September and July. 

939. In the foll^iug summary the names of Meyen’s zones afe 
retained ; the peculiar limitation by isothermal indicated for 

zone. 

1. The Equatorial Zone* 

This zone, as limited by us, compBehends but a comparatively small * 
range in thc! New World, and is most developed in the Old, especially in 
Africa. On consulting an isothermal map, it will be ol^erved also that 
the larger portion of it lies on the north side t)f the equator, since thb. 
preponderance of land in the northern hemisphere deflects the isotheimai 
lines in this direction. The boundaries are the annual isotherms of 
7SP*3 Fahr. on each side of the equator ; but it may be noticed that in 
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Africa, as well as in Hindostan, and in the Indian archipelago, there 
exist between th^se lines circumscribed regions in which the annual 
isotherms rise to 81°'6 Fahr. 

The characteristics of this zone are marked by the exltreme luxuriance 
of vegetation, from the gieat heat, together with the abundtint moisture. 
The tninks of the trees attain enormous diameter ; the fiowors have most 
brilliant colours ; and not only is the earth clothed most profusely with 
numberless forms of plants, but the trees are overgrown by Orchids, 
Aroids, Bromeliacem, and Ferns, and matted together by Uamsy or 
gigantic rope-like woody climbers ; so that the pnnueval forenta present 
such a dense moss of vegetation as to be almost impenetrable, even to 
the explorer who advances axe in hand. The Valins, the Banana tribe 
(Musacem), arborescent Grasses, I'andanus, Scitamimm^, and Orchidem 
are veiy striking ftjatures ; the Fig-trees of most varied kinds, the Silk- 
Cotton-trees (Bombaceaa) also abound both in the Old and New A\"orlds ; 
the Csesalpiniae, Malpighiacem, AnacardioB, Swietenise, Anonea*, Borthol- 
letiae, and Lecythideae especially mark the forests of Anierica ; the Snpiii- 
dacete, (JaryoUe, Artocarpi, Sterculiae, Ebenacem, Meliact.‘aQ, Laurineae, 
&c. those of the Old World. In this zone also, in the Indian archipe- 
lago, occurs the moat remarkable of the Bhizanths, the gigantic pamsite 
Itaffiesia^ with its flowers H feet in diameter ; while in America this is 
almost rivalled by the Victoria. Water-lily, and the Aristolochias with 
their enormous helmet-like flowers — said, indeed, to be worn in sport as 
cap bv the Indian boys. 

Kicn as the vegetation of this zone is in general, we And within the 
limits some of the poorest tracts upon the* globe — ^namely, where water is 
wanting. The African desert and a p(>rtion of Arabia are the most striking 
examples ; but the llanos of A^enezuela are scarcely less parched and life- 
less during the diy season, and in the rainy season }>rc8ent only grassy 
plains like the steppes of Central Asia. The poverty of thc^se tracts is 
accounted for by their peculiar position, cutting them ofl* from the in- 
fluence of moist currents of air, their natural waterless condition bedng of 
course dependent on the geological changes which gave them theii* pre- 
sent configuration. 


• 2. The Tropical Zones, 

These extend, in the north and south hemispheres, from the boundaries 
of the equatorial zone, at the isotherms of 7iF‘3 Fahr., to the isotheniis of 
7^'h Fahr. Taken altogether, the characteristics of these zones, as might 
be eimected, are closely allied to those of the preceding, llio de Janeiro 
and Canton are cited Meyen as instances of this resemblance ; Palms, 
Bananas, Cannees, MeliacesB, Anoneae, and Sanindaceie prevail (in humid 
districts) here, and Orchids, Fothos-like plants, and lAanes abound. 
The Tree-Ferns, the Pepper-plants, Melastomacem, and Convolvulacese, 
however, become more promment here, and serve as distinctive charac- 
ters ; and it is stated that, in these zones, the forests exhibit fewer 
parasites and more underwood. Hiat portion of the western coast of 
Sonth America lying within the south tropical zone forms an exception 
to the geneaml rule of luxuriance of vegetation, as does the inland tract 
of Africa btigpdering on the e(][uatorial zone. 
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3. The SiAtropical Zorns. 

These are bounded on •the equatorial side by the annual isotherm of 
72°*5 Fahr., nud^ towards the poles by the isotherms of C8P Fahr. The 
countl'ics lying Whin these enjoy the most delightful climates on the 
globe. Though the summer heat never rises to intense heat of the 
torrid zone, it suilices to ripen most of the tropical fruits; while the 
winters ai*e so mild that vegetation is never arrested. Palms and Bananas 
are still met with in the plains, and arborescent Grasses form a featiwe of 
the landscape, both in America and Asia; but the most striking character 
of these regions is formed by the abundance of forest trees having broad, 
leatlu'iy, and shining leaves, such as the Magnolias tind the Lauracese, 
and fdso of the plants of the IMyi'tle tribe. Proteacem, Acacias, and Heaths 
attain their maximum development. 

4. Wamiei' Temperate Ztmes. 

Equatorial boundaries, the annual isotherms of 68^ Fahr. ; ]^olar boun- 
daries, the isotherms of Fahr. The genciral characteristics of these 
zones ai’ise from the combination of the shining, leathery-leaved trees 
of the subtropical zones with th(i forest tree's which we find in our own 
countiy, such as Oaks, Jleeches, &c. ; the Palms vanish ; but a number of 
handsome evergrt'i'ii shrubs present themsedves, and Heaths, Cisti, and 
showy Tjoguminous plants are very abnndfmt. The countries lyin^ within 
these* zones in dillorent parts of4he plobe difier a good deal in their vege- 
tation, and we may therefore enter into rather more detail here. 

In the kloditerrant'an region evergreen dicotyledonous trees with glossy 
leaves, showy shrubs, and many bright-coloured bulbous plants aboftnd ; 
EHca arhorea, the Bay, mid the Mj'rtle are characteristic ; the Turkey, 
Holm, and Cork Oaks, the Chestnut, the Strawberry-tree, with the Cheny- 
Jjaiirel, Jjaunistinus, and Pomegranate are fluent, as are also tne 
Phillyrem, llosemaiy^. Oleander, &c. 

The Vine is a native of this zone, and is said to attain a diameter of 
3 to (• inch(}s, and to climb to the top of the highest trees, in the forests 
of Mingrelia and Imeritia. The barren tableland of Asia falls in this 
zone, as does .lapan, which has a rich vegetation. In America are found 
abundance of Oaks and Pines, Magnoliaceie (such as the Tulm-tree), a 
number of Leguminous trees, with thorny Smilax-shrubs andl gigantic 
Iteeds ; the Gleditschim on the banks of the Ohio are evergreen, witli 
climbing Bignonim ; evergreen trees here correspond to those of Southern 
Europe, intermingled in the forests with Oaks, Beeches, Ash, and iVd- 
tanus ocddewtalis. 

In the southern hemisphere this zone includes part of New Zealand and 
Austridia, whore, again, evergreen trees are intermixed with foreS-trees 
with deciduous leaves ; shrubby Ferns abound, and the LeguminoseB and 
Myrtac em arc well represented. 

In South America, the Pampas-plains of Buenos Ayres fall in this zone, 
especially characterized by arborescent Grasses. Southern Chili represents 
the worm temperate vegetation wi^ its everffreen forests of Myrtaceas, 
Beeches, and Araucarias ; the Fuchsia is also cnoi^teristic of this regiozK* 
The Chilian Palm, like the dwarf Palm of Southern Europe and the 
Palmetto of North America, forms an outlier itom the subtropical region. 
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6, The Cooler Temperate Zones, 

Equatorial' boundaries, tbc annual isothemfs of Fahr. ; polar 
boundaries^ the isotherms of 41° Falir. The especial dcharacteristics of 
these zones are the forests of deciduous trees with inconspicuous blossoms, 
intermingled with social Conifers, together with tht? (Irass-pastures. 
Here the tninks of the trees are overgi’own only with Mosses and 
liichens ; the Honeysuckle, the Ivy, and the 1 lop are the only important 
climbers, very difti?rent from the IJanes of the tropica. Shrubs are jiretty 
frequent, but they mostly lose their leaves in wintc*r, such as Koses, 
Brambles, Viburna, &c. The socual Bwarf-grasac's on good soil, with 
the Sedges, Cotton-grasses, and Mosses of wet ground, characterize the 
plains, and extensive heaths prevail in som(j districts. The contrast 
between summer and winter is strongly markcid in thti asp(*ct of vegetable 
life : the trees are stripped of their hjnvea, the herbs die down to dwarf 
tufts, or hide themselves altogether in the ground, and Ihii snow covers 
1 he surface of the plains in severe weatlur ; but the warmth of summer, 
which brings out a liv(dy and varied show of flowers, is sufiiciently high 
to ripen the seeds of many, and tlius annuals are more numerous than 
thev are further north. 

This zone is not represented in Africa or in the South Sea. In South 
America it includes Patagonia. 

0. The Subarctic Zimi, 

Equatorial boundary, the annual isothermal line of 41° Fahr. ; polar 
boundary, the isotherm of flfr-5 Fahr. for the month of September. The 
southern boundary of this zone in the northern hemisphere corresponds 
pretty nearly to the limit of distribution of the Oak in Europe and the 
east coast of North America, the northern boundary to the limit of the 
distribution of trees. 

The striking characteristic of this zone is, indeed, the predominance of 
the Coniferous trees in the woods, giving place northward to the Birch 
and Alder, and generally alternating with Willows where the soil is 
moist. Green pastures occur universally, especially adorned with showy 
flowering herbs in the, spring and summer. 

7. The Arctic Zone, 

‘ The equatorial boundai^ is the isotherm of 30°*6 Fahr. for the month of 
September, or the polar limit of arborescent vegetation in the northern 
bemirohere ; the polar boundary is the isotherm of 41" Fahr. for the 
month of July. The vegetation of this zone corresponds to what we un- 
derstand commonly as Alpine shrubs, consisting chiefly of prostrate shrubs, 

, with a peculiar tortuous and compact habit of gn)wth, sucli as the alpine 
Rhododendra, Andromedm, the dwarf Birch and Alder, the Bog-Myrtle 
and dwarf Willow, with a VHriety of low-growing perennial lierbs, re- 
markable for the comparatively large size and bright colour of their 
'flowers. Sedges and Cotton-grasses occur socially, in some places covering 
extensive tracts ; but the grassy pastures of the last zones are replaced 
to a great extent by tracts*covefed with Lichens. 



DISTRIBTTIIOX OP PLANTS IN ALTITUDES. 


045 


, 8. Tiui Polar Zone, 

Er^uatorial bojindary, tlic isotherm of 41° Fahr. for the month of July ; 
polar limit, thti isotherm of Fahr. for the same month. This zone 
is eharaeterizetl by presontinfr, in the four to six woc.ks of summer, an 
alpine ve<(etation ilovoidof evcm shrubs, and consisting o! hcrbneeous per- 
omiialH of dwarf hnbit, such as Saxifrages, llanunculi, Pyrolo), Potcntillm, 
J.)ryas, Draba, iV:c., and possessing, moreover, (lertain genera (such as I’arrya, 
.Phipp.sia,and others) which, although they extend into the arctic zone, are 
not met with in tin.* alpiiu; regions of the mountains of the more southern 
regions. In Spitzbergeii, the number ol* Cryptogamic plants is rfiiiiarkablo, 
the Liclnms alon(^ equalling the Flowering plants, and predominating 
even in mass as well as number of species. 


Sect. 2. Heotons op Altitude. 

940. Tt is well knowni that the lofty mountains lying within the 

tropics exhibit a graduated variation of character in their vegetation, 
and that those which rise above the limit of eternal snow disjday 
mor(' or loss distinctly marked regions, n'prosonting the zones lying 
h(d.Avccn the plains at the foot of such mountains, and the otcmidicc 
of the polar zone. , 

Humboldt divided the surface of tropical mountains into throe zones, 
representing the tropical, tomi)cmto, and frigid zones of the globe, 
and indicat(id the principal subdivisions of these regions. Meycn 
att(mipted to lay down ii more systematic representation of the con- 
ditions ill question, eorrespoiuling to his division of the earth’s surface 
into zones. (If oat diflficulty intorpos(\s here in any attempt at gene- 
ralization, since local conditions, arising from aspect, and conformation 
of surface, either giving more or loss of precipitous character, accom- 
panied by sudden changes, or. producing elevated plains, &c., cause 
such great differences, even witliin the limits of single mountain- 
systems, that 110 absolute rule can be applied. ' The rules laid down 
by Meycn ajqdy pretty w^cll to his zones within the limits of Europe ; 
but, in the delineation of the regions of altitude of greater extent, 
great variai/ion presents itself near the eijuator. 

941. According to Meyen’s views, the snow-line, beginning at 
the polar zone, rises between 1900 and 2000 feet above tie level of 
the sea, and in the e(]uatorial zone to 15,500 or 1 6,600 feet ; and he 
divides the regions of altitude iu accordance with this, raising each 
region between 1900 and 2000 feet in each zone, as he approaches 
the equator. Now at North Cape, which lies near the polar limit of 
our subarctic zone, and iu Iceland, which is crossed by the same limit,* 
the line of perpetual snow is at about 2000 feet ; we may therefore . 
take this as the snow-line of the arctic zone, lie equatorial Hmit of 
the subarctic zone falls in Southern Norway* where the sifow-line is 
at about 4000 feet ; while the cquattrial limit of our cold temporate 

2f5 
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Eone is not far relnovcd from tlie Alps and Pyrenees, where the snow- 
line rises to 8000 feet and inoi*e. In the soiitli of Spain, lying within 
the warm temperate itigion, snow lies in isolated ])atehos below 11,000 
. feet. In the district of Sierra Nevada, which is one of the best-known 
of the mountains of this zone, m regards vegetation, there is a sub- 
tropical region up to 6(K1 feet, the tnu‘ warm temperate vegetutioii 
extends up to about 4000 feet, a cold temperate veg(?tutioii from 
about 4000 to 0500 ; the vegetation then passes into a condilitm 
allied to the subarctic, but without trt»es, and charaetorizt d by shrubs 
of a similar nature to those of the arctic zone. I’his region extends 
to tSOOO feet; and thence to the summits of 1 1,000 feet lliere is 
an alpine summer vegetation (snow lying for (.‘ight months out of the 
twelve), which, again, is intermediate in character befwi^cn those of 
the arctic and polar, consisting chiefly of perennial herbs like the 
latter, but presenting a fonnulion cjf turfy pasture to some extent in 
the wann season. In the Caucasus the snow-liim is much higher. 

In tlie subtropical zone, on the Peak of Teneriffe. \vv find ^t ho 
vegetation of the warm temperate zone from about 2O0(> to 4000 feet, 
a representation of thi‘ cold temperature from JlOOO to over OtKK) feet ; 
at about 8000 feet the climate is su})arctic. This mountain does 
not reach the snow-line. 

In Mexico, lying in our tropical zone, the lines arc respectively 
shifted up in about the same ratio. Wc see throughout, then, a 
deviation from Meyen’s ratio, in the tendency of the colder zones to 
widen out on the mountains of warmer zoik^s ; but this is i»artly 
owing to our dividing the zones according to temperature, and not 
according to latitude. 

If wc attempt to lay down the conditions of the mountains of 
Asia under a similar point of view, wo find greater deviations, llie 
mass of elevated land in Central Asia modifies all the climatal con- 
ditions very much. The snow-lines of th<j mountains of the cold- 
temperate and warm-temperate zones rise to 14,000 feet ; that of the 
Himalayas to 18,000 feet in the northern X)arts. Our data scarcely 
sufiicc for the illustration of these modified conditions and therefore 
we have confined ourselves to a limited number of the best-cxidorcd 
mountain-regions of the Old and Now Worlds, in the tabular view of 
distribution in altitude given below. 

9 2. We now give a brief sketch of the characteristics of the 
different regions of altitude, as classified by Meycii ; and to this is 
subjoined Meyon’s hypothetical table, from his ‘ Geography of Plants.’ 
To show how far this diverges from the actual conations, wc subjoin 
^T^bles, constructed for .Johnston’s * Physical Atlas,’ showing the com- 
parative altitudes of the characteristic forms of vegotarion on a 
number of mountains where they have been carefully observed. The 
location of these mountains in* the various zones is in accordance 
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with our isothermal limitation, and not, as is the case with Meyen’s 
limitation, according to parallels of latitude. The elevations arc also 
merely given giVen in round numbers. 

1. Regim of PaUfM and Bananm, 

Corresponding to the equatorial zone, and has been ali-cody characterized 
under that head! 

2. Itegian of Tree-Ferns and Figs. 

Corresponding to the tropical zone. The genus Ficus is most prevalent 
in lln^ elevated forests of the equatorial zone of the East Indies, {giving 
tlieni a remarkable character of gloomy grandeur and impervious density. 

3. Region of Laurels ami Myrtles. 

Corresponding to the 8ubti*opical zone. 

4. Region of Bvergrem Trees. 

(^3rrt?sponding to the warm temperate zone. 

5. Region of Roeiduom Trees. 

Convsponding to the cold temperntcj zone ; but this remon seems to be 
abs(*nt froni the mountains in many pai’ts of the tropical and equatorial 
zones, since the U’oe-limit is cairied down by peculiarities of cliTriHle, 
which, on the other hand, Igvour the advance of more southern forms into 
the upper rt^gioiis. In Java and Sumatra, stunted trees of the class be- 
Lmging here* rtjplace the dwarf Conifers of European mountains, and form 
the treic-limit far below the altitude at which forests of tall Conifers occur 
in the more north(*ru IJimalaytis, — condition explained in some degree 
by the local circunistauct;s of the equatorial mountains, which are deiicient 
of the supplies of moisture furnished by the vast masses of snow resting 
perpetually upon the Himalayas.' 

6. Region of Conifers. 

Corresponding to the subarctic zone. This zone, characterized by the 
growth of rin(*s and Firs, is well represented on most mountains, with 
the exception of the Peruvian Cordilleras, where the EscaUonieas are said 
to bo substituted for them. But the Coniiers do not always form the 
uppermost belt of trees, even when they flourish in a well-defined region, 
luus the region of the Conifers, in a general sense, which reaches to the 
tree-limit with Pines in the Alps, Pyrenees, and the Andes of Mexico, 
includes, in the Scandinavian moimtains, in the Himalayas, and the " 
Caucasus, a region of Birches, which Tise out of it to fqipi the last repre- 
sentatives of arboreal vegetation. 

7. Region of Alpine Shrtdis or of Rhadodendra. 

This region corresponds to the arctic zone. * In the Himalayas, dwarf 
Willows, Junipers, and species of Ili]^s or Currant seem to represent 
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the vegetation of this region; while on the Andes of Quito the genus 
Befaria appeats to correspond in its geogmphical development to the 
Khododendra of the north. 

8. Megim of Alpine Htrhs, 

Corresponding to the polar zone, usually presenting only patches of 
vegetation scattered over a broken surfacre of ground, covered during the 
greater part of the year with snow, and exhibiting Hcciimulations in all 
seasons in sheltered spots. Lichens abound here; Leddea googrnphica 
has been found in most diverse localities wh(.*rci bare rock rises above the 
ground, forming generally the last trace of vegetation. The plants of this 
region are remarkable in many respects, in none more than the beauty 
and comparatively large size that usii.T-lly tdiaracterizes theur flowers. 
They are mostly of pereifhial growth, since, although the sc^vere cold pre- 
vailing througliout the greater part of the year is unfavoumblt? to the 
maturation and preservation of seeds, the tliick covering of snow protects 
esttiblished plants from the severe frost ; and it is known that tliey are 
arrtisted in warmer regions where winter frosts ]>revail without great 
accumulations of snow, precisely because thev are then incapable of beiiriiig 
the cold, to which they arc directly exposed. 
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Meyen’s Comparative Extiiuition op tjtk 1!)tijperknt Zones^ 

WITTT CoilRESPONDIJMO llECiTONS. * 

. The eleiyat.wns mid temperaturee are here f/tvffn in rofind mtmhers. 
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COMPABJSON OF llFt/TONS OP AlTITTJDK WITH IhOTHEBMAL ZoNES. 


- 

Name of) 
Zone . 1 

Worm Temperate Zone. 

Tempera- 
ture of 
Zone . . 


Names of 
Mountains. 

Snow-line. 

Bocky 

Mounbiins. 

N.Auuirica. 

Hi«rra 

Nevada, 

Spain. 

Lydan 

Tuuriia 

Pontic 1 

Clmin of| Ararat. 
Laaiatan.! 

Inner 

Armenia 

' 

» 

Ii,S00 

None. 

( 11,000 

Alpine 
ilerljH 
* and 

Shruba. 

7,000 

None. 

10,000 

13,500 

11,000 

10,700 

Alpine 

Herbs. 

• 

Alpine 
Shrubs, &c. 

Limit of 
Trees. 

Conifers 

and 

Birches. 

11,000 

10,000 

Alpine 
Htirba 
* and 

Bbruba. 

K,«K»0 

8,000 



Lichena. 

8,000 

Bhodo- 

deiidroti 

cau(‘aai- 

euin. 

5,700 

8,000 

5,600 

Jnnipera 

7,500 

Finua. 







Tiiius 

aylveatna. 

•I,ri00 

JuniperuB 

excc'lao. 

6,000 


4,500 

PinuB. 

Deciduous 

Forest 

Trees. 


Quercua 
retuHiia, 
Finns 
Pinaster, 
a, IKK) ’ 

Fliitfiaux. 

:3,0(H> 

Oak Woods. 
1,500 

Beech 

with 

Firs. 

4,600 


Beech. 

1,000 


Evergreen 

Forest 

Trees. 


Olivo, Cork, 
Pomograuate 
600 

(Opuntia, 
Cotton, Sng.'ir 
Cane.) 

EverRTepn 

Trceaand 

Shruba. 

Ever- 

green 

Sl^ba. 


Olea, 
Lauma, I 
Buxua, 
Planera. 


Laurocea; 

and 

MyrtacesD. 

i :39®N.L. 

.37°N.L. 

’37®N.L. 

41®w.L. 

40®n.l. 

37®K.L. 

44°-46o 

N.L. 

Sea-level. 
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COMPABISON OF JIeGIONS OF ALTITUDE WITI^ ISOTHERMAL ZoNES. 


Names of Zones. 

( Gold Temper 
1 ate Zone. 

Subarctic 

Zone. 

' Arctic ZoAe. 

Temperatures. 

540 .V to 41° 
Annual Moan. 

41° Ann. Mean to .36° 
Mean of Sept. 

.36° Mean of Sej>t. 
to 4 1 ° Mean of J uly. 

Names of Moun- 
tains. 

Swiss Alps. 

Norway. 

Ivamtsehatka. 

Iceland. 

Snow-line. 

8,.‘i0() 

4,000-.rt,000 

6,000 

2.000 

Alpine Herbs. 

7,000 

a,aoo— 3.800 

Saxifra^a. 

2,7(K) 

1,000 

Alpine Shrubs, 
&c. 

0,000 

Dwarf 
Bireh, 
Willow. 
2.000— :VKK) 

Alniis ineana, 
Kliwloden- 
rlrons. 
2,(KM> 

Alpine Shrubs. 

Limit of Trees. 




4 

Conifers and 
Birches. 

Conifi'ra. 

4,000 

Bin'll. 

1, (KM) 
Conifers. 

2, fKK) • 

A I tins 
fnitieosa, 
Rnrhns, 
Conifi'rat. 
f)00 

64° N. L. 

1 

Deciduous 
Forest Trees. 

Boeeh and Oak. 

2, (KM) 
Chestnut. 

67® N.L. 

60° N.L. 

1 

i 

i 

Evergreen 
Forest Trees. 

400-47° K. L. 



j 

Sea-level. 






On comparing these Tables with Meyen’s, by noticing the latitudes given 
at the foot of the columns, it will be seen that the location of the moun- 
tains in the various zones differs only in the hotter and colder of the latter ; 
those of the warm temperate, cold temperate, and subarctic (except in the 
case of Iceland) being similarly arranged. The great discrepancies 
existing between mountains occurring in the same zone indicate that 
local circumstances must have most powerful influence in determining 
the ‘altitudes attained by the various classes of vegetation. We are not 
in a position to give the real temperatures of regions of altitude with any 
accuracy in most cases ; or these would probably greatly assist in as- 
certaining the direct causes of aberration ; for diflerences of temperature 
certainly accompany the difference of elevation attained by particular 
forms of plants. Good examples of the influence of the form and local 
conditions of mountains are furnished by Teneriflfe, Ararat, the Ilima- 
kyas, and the Rocky Mountains of North America. T^o first is an 
isolated mountain, exposed to the equalizing influence of the ocean ; the 
seqond an isolated mountain situated in the interior of a continent; the 
two raains are portions of enormous systems of mountains extending over 
large rmons *in the interiol of conti^nts. To work out this subject 
Iboroug^y, however, it is necessary \p observe not only the conditions of 
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different mountains, but those of the different declivities of the same 
mountain ; since, when great elevations are attained, ehains of mountains 
form the boundaries of local climates, and present different conditions on 
tlie two ftuios. * 

Sect. 3. Division of thbGlouk into Deg ions having Characteristic 

Vegetation. 

943. The character of the vegetation of different regions is in- 
fluenced not merely by clnnaie, hut by the moi-e rimiote causes referred 
to in the last Chapter, which have led to the distri'oiition of plants 
over more or less extensive areas, and their restiiction within narrow 
limits in otlior cases ; furlher, by the habit of plants, as by a social 
mode of growth, by size, tfec. 

944. Many attempts have been mado to divide the earth’s sur- 
face into Botanical ] legions, according to their characteristic vegcj- 
tation. None of these can be regm-ded as satisfactory ; but perha])s 
the generalizations of Sehouw are, on the whole, those which suggest 
mftst to the student. AVe therefore introduce hero that author's 
account of the 25 regions into which he divided the globe, on prin- 
ciples which are stated below. 

Thew^ regions were cliamctbrized several years ago; and much bas 
been discovered sin(?e, tending to modify the details ; it is greatly to 
be desired that a new attempt should be made in this direction. ^ 

ScJiomv at .P7n/to-~ffeo(jrnp7uc_ lierf ions, 

945. The regions arc founded on the following principles : — 

1 . At least one-half of the known species of plants of the tract 
constituting a botanical region are peculiar to it. 

2. A fourth part of the genera of the region are either peculiar 
to it, or have so decided a maximum that they are comparatively 
rare in other regions. 

3. The individual Orders of plants are cither peculiar to the region 
or have a decided maximum tlierc. 

1 . lieffion of Mosses and Saaifrat/eai {Arctic- Alpine^ or WaMcnherg's Region), 

Mean tetnperature, — ^I’olar regions, 2”-41° Fahr. Mountains in the 
south, 2r-37” Fahr. 

Character, — Characteristic and predmiinant genera — Haminculus, Ara- 
bis, Draba, Arenaria, Diyas, I’otcntilla, Saxiflraga, Hhododendron, Azaleai) 
Gentiana, Pedicularis, £^alix, Musci, Idchoncs. Of the polar countries 
especially — Coptis, Futrema, l*ar^a, Diapensia, Andromeda, Ledum. Of 
the mountain regions — Clierleria, Campanula, Phy teuma, Primula, Aretii^ 
Soldanella. Dwarf perennial herbs with comp^atively laige flowers of 
bright colours. Trees absent. ^ 

j^ed^imirumt shrtibs atid half-shrphs of the potar coteu^rtba.-^Detulanana, 
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Salix lierbacea and other species, Enbus Ohamasmorus^ Empetrum nigrum, 
Andromeda hypnoidee, A. tetragona, Arbiitis alpiua, A. Uva ursi, Azalea 
prociimbefis, Rhododendron lapponicum, Menziesia cserulea. 

Treihminant shriihs and ha/f-ahitibs of the wioMro/tfww.— Juniperus nona, 
Alnus viridis, Salix reticulata, S. herbacea, Rhododendrt)n ferrugineum, 

' R. hirsutum, R. caucasicuin, Vaccinium Myilillus, V. uliginosum; Azalea 
procumbeiis, Arbutus alpina, A. Uva ursi, Empetrum ni^um. 

Plants which approach verp closely to the ^Ranunculus gla- 

cinlis, Saxifraga oppositifolia, Siloiio acaulis ; in the polar countries espe- 
ciallv, Agrostis algida, Rauimculus hj^^orboreiis, R. nivalis, Saxifrajja 
rivuLaris, S. ceniua, S. nividis, Papaver niidicaulc, Draba alpina, Lychnis 
apetala, Diaptmsia lapponica. In the mountaiu-i'egions, Saxifraga mus- 
coides, S. bryoidos, Clierh^ria sedoides, Aretia helvetica, A. alpina, Draba 
nivalis, T*etrocallis pyreriaica, Arabia bcllidi folia, Myosotis nana, Gentiana 
nivalis, Achillea iiuiia, Linaria alpina. No cultivation in this region. 

The flora, as a whole, as tabulated by Hooker, is decidedly Scandinavian. 
Some of its members are universally diflused Uiroughout the globtJ,cven 
in the tropics (on mountains) ; hence the Scandinavian flora is considei'ed 
to be the oldest existing flora. 

^2. Region of UmbelUfcrae (NorUi^European and North-Asiatic, or Idnnatts^s 

Region), 

Mean teniperaturCj 29°*-46P Fahr. 

Character, — ^Umbelliferm, Oruciferae, Conifer®, Amentace®, Orami- 
nace®, Caiice®, Fungi, Cichoracii®, Cynore® ; in Asia, more particularly, 
Saline plants (such as Solsola and Salicornia) and Astragale®. liuxuriant 
pasture ,' forest trees with deciduous leaves ; a few Heaths. 

Predofninant trees and shrubs , — ^Pinus sylvestris, P. Cembra, P. sibiiica, 
Abies excelsa, A. pectinata, Lnrix europ®a, Juniperiis communis, Betulii 
alba, Ahius glutinosa, A. incona, Fagus sylvatica Quercus pedunculata, 
Q. sessiliflora, Carpiuus Hetulus, Oastanea vesca, Salices, i^opulus tremula, 
Corylus Avelhuia, Ulmus campcstiis, Calluua vulgaris, Prunus spinosa, 
Pjrrus Aucuparia, Acer Pseudo-platanus,. A. platimoidcs, A. campestix', 
, Tilia platyphylla, T. microphylla. 

CuLtimted plants, — Cereals : Rye, Bturley, Oats, Wheat, Spelt, Maize, 
Millet (Panicum inilioceum). Buckwheat, Potato. 

Fruits. — Apple, Pear, Quince, Cherries, Plums, Apricot, Pcjach, Muir 
berry. Walnut, Grape, CiiiTant, Gooseberry, Strawberry, Melons. 

Escident vegetables. — Cabbage, Rape, Turnip, Radish, Mustard, Peas, 
Beans, Lentils, Spinach, Beet, Cucumber, Gourd, Carrot. 

Fodder-plants, &c. — Clovers, Vetches, Lucerne, Rye-grass; Hops, 
Flax, Plemp, Tobacco. 

6. Region of the Lcibiatai and CaryophyUece (Mediterraneanj or De CanddUe's 

Region). 

Mean temperainire^ 66°-7S° Fabr. 

' ( (^raK^r--ri*abiat®,, Caryophylle®, Boragine®, Cistine®, Lilioce®; 
the Oiders cited in the preceding region, but mostly less prevalent, espe- 
jially the Oaiice®. Representatives of tropical Orders— Palm®, Tere- 
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binthaceaQjLauraceie^ — Orders which increase towards the equator becoming 
more imnieroiis: Legmninosm, MalTOcem, Solanacqae, Euphorbiacete, 
UrticaceHJ. * 

Ge/ient. — Adonis, Nigella, Trifolium, Modicago, Genista, Cytisus, Sca- 
biosa, Anihemis, Achillea, Verbascum, Narcissus; many evergreen trees 
and shrubs ; a greater number of woody plants than in the second region ; 
pasture less luximaiit; a winter tlora existing. 

IWdomimnt trevs and shrubs, — I*inus Pinea, P. Pinaster, P. haleponsis, 
P. I-.ari(!io, CJupressus seinpervirens, Junipems phumicea, J. macrocarpa, 
Quercus Corris, Q. pedunculate,, Q. sessiliflora, Q. Ilex, Q. Siiber, Q. 
idilgilops, (J. coccifera, (i. iiifectoria, Castanea vosca, Plaiuuus orientalis, 
Aliius cordifolia, (,Jorvlus Coliirn^ Ostiya vulgaris, Acer monspessulanum, 
A. neapolitaniiui, Pistacia Jjeutiscus, j\ Terebinthus, Cerutoiiia siliqua, 
(,Ujrcia siJiqiiastmin, G(‘nistti acoparia, Mespilus pyracautha, Prunus lauro- 
cerasus, Tniiiarix gallica, T. airicana, Myrtis communis, Punica Grona- 
tiiin, Opuntia vulgaris, Viburnum Tinas, Arbutus Unedo, Erica arborea, 
Fu. scoparia, llhodbdendron pouticum, It. maximum, Cisti, Phyllvrea lati- 
folia, P. angustifolia, Onms tmropsea, O. rotimdifblia, Nerium Oleander, 
Rosmarinus olficinalis, E])hodra distachya, ChamsBrops hiimilis, Ruscus 
aculeatus, Siiiilax aspera, Tamus communis. Agave americaua. (The 
higliest pai*t8 of the luoimtains here belong to the tirst region, the middle 
elevations to the second region.) 

Cultivated planis, — The s^tme as in the preceding region ; but the follow- 
ing an? more rare, or only seen on the mountains ; Rye, Currants, Goose- 
beriy', Jiuckwheat, and itoj) ; wliile tin? following are added : — 

CereaU. — Rice, Millets (Sorghum vulgare, Panicum italicum). 

lYuits, — b^gs, Almond, IMstachio-nut, Lemon, Citron, Sweet and Seville 
Oranges, Prickly b"ig (Opuntia), Water-Melon, ( )live. 

J!lsculent8 &c. — ^]\I(doiigena, Tomato, Anise, Coriander, Cotton, White 
Mulberry, Saffron, Sumacdi, Lupins, Sainfoin. 

Ab/c. — ^Madeira, the Azores, and Canaries belong to this region ; but 
their floras approach that of North Africa. 

Charactf'ristic fonm, — Semnervivura arboreum, 8. canariense, S. tor- 
tuosum, &c., Ilex Perado, Pleroma pendula, Cacalia Kleinia, Sonchus 
fruticosus. Arbutus callicai'pa, Ardisia excelsa, Ceropegia aphylla, Echium 
giganleum, &c., Jjaurus foe tens, Euphorbia bals^ifera, E. canariensis, • 
Myricn Faya, Pinus canariensis. 

4. Regim of Asteres and SoUdaghm {Northern North^American^ or 
Michaux's Region), 

Mean tcnipen'atnre, lP-60° Fahr. 

Character, — ^IVlore species of Oonifeife and Amentaceas than in the second 
region), but fewer Umbelliferro, Oiieifene, Cichoraceas, and Cj^narero. 

Gerura, — Hydrastis, Sanguinnria, Hudsonia, Ptelea, Robinia, Gymno- 
cladus, Purshia, Gillenia, Hecodon, (Enothera, Clarkia, Ludwigia", Bar-> 
touia, Claytonia, Hoiichera, Itca, lianiamelis, Mitcbella, Aster, Solidago, 
Liatris, Rudbeckia, Gaillardia, Voednium, Andromeda, Kalmea, Sabbatia, 
Iloustonia, llydropbyllum, Phlox, Monorda, Dodecatheon, Dirca, Hamil- 
tonia,LewiBia, Trillium, Medeola. • , / 

Predominant trees awl ^ruhs, — ^Pinus Strobus, P. inops, P. reainosa, P. 
Banksiana, P. variabilis, P. rigida, P. serotifla, P. pungens) Abies bal- 
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Samoa, A. lAxifolia, A. canadensis, A. nigra, A. nfbra, A. alba, Larix pen- 
dula, L. niacrocarpa, Thuja occidontalis, T. sph^eroidea, Jimipcms virfri- 
niana, J. Sabiita, Taxiia canadensis, Quenais, 2^ sp., Fagiis sylvatica, F. 
femi^iioa, Gastanea americana, C. pumila, Ostrva virprinica, Carpiniis 
americana, Corylns americana, C. rostrata, Alnus prlutinosa, A. crispa, 
A. serrulata, Betiila nigra, H. papyracca, etc., Salix, 27 sp., Populus bal- 
samifera, 1*. monilifera, Myrica cerifera, iS:c., Platanna occidontalis, 
Liquidainbar styracillua, Juglana nigra, J. ciiu»rea, &c., Ulmus americana, 
&c., Nyssa aqualica, Fraxinns alba, F. nigra, &c., Orniis americana, Kibes 
floridum, II. uunMim, &c., A'acciniura, 2() sp., Andromeda, 10 sp., Kalmia 
latifolia, K. angustifolia, K. glauca, Aziih^a viscosa, A. nitida, A. glanca, 
A. nudiflora, ko.., Khododendron maximum, (lornus florida, G. alba, C. ca- 
nadensis, &c., ITnmamelis virginiensis, Spinca salicifolia, S. chamjedri- 
folia, iS. opnlifolia, R. hypericifolio, &c., Gillenia trifoliata, (Jratsegus, sp., 
Cerasus pnniila, 0. nigni, &c., Piirshia ti-idimtata, Kubus, 20 sp., Pyrus 
sp., Kobinia I’seud-acacda, K. liispida, Oymnocladus canadensis, Kb us 
tyi)bina, K. glabra, K. venenata, K. toxicodendn)n, &c., l^telea trifoliata, 
Ceanothus americanus, I'tc., Kliamnns alnifolius, &c., Ilex opaca, &c., 
Eiionymus americanus, E. atropurpureus, Stapbylea tri folia, Ampelopsis 
liederacoa, Acer riibriim, A. dasycarpum, A. saccharinum, A. striatum, 
Negundo fraxinifolium, Xanthoxyliim fraxinciim, X. Iricarpum, Tilia gla- 
bra, T. pubescens, Liriodendron tulipifera. 

In the northern parts (to n. l.) no cultivation. South of this, 

the same plants as those cultivated on the second region, but Maize more 
extensively. 


6. Jiegion of Magmlim North-Amcricmi^ or ParsICs Regimi), 

Mean Uimperaturej 5l)°-76° Fabr. 

dmracter. — A certain approximation to the tropical vegetation ; Gan- 
neie (Ganna, Thalia), Palmse (Ohamserops), Yucca, Gyeadeoe (Zamia), 
Laiirus, Ipomspa, Bigiionia, Asclepias, Cmdciae (Mammilloria, (!]^untia), 
Khexia, Passiflora, (Cassia, Sapindus. 

, Few IjabiatHs, Oaryophyllem, Umbelliferffi, Cichoracese, Gcraniess ; few 
species of Aster or Rolidaigo. 

Trees with broad shining leaves and large flowers. 

Gmera. — Magnolia, Liriodendron, Illicium, Asimina, Dionasa, Pavia, 
Amorpha, Gleditschia, Baptisia, Petalostemon, Galycanthus, Gilnothera, 
Ciaytonia, Kudbocki'a, Liatris, Silphium, Kalmia, *lloustonia, Frasera, 
Halesia, Dodecatheon. 

Predomintmt trees and shndm. — Magnolia grandiflora, M. glauca, &c., 
Illicium floridanum, 1. parviflorum, Liriodendron Tulipifera, Asimina, sp., 
Pavia flava, P. macrostachya, &c., Amorpha fruticosa, &c., Gledit^hia 
.triacanthos, ^fec., Kobinia vif^osa, Cassia Tora, (I marilaudica, &c., Acacia 
glandulosa, GaJyc^thus floridus, &c., Kalmia birsuta, K. cuneata, Opuntia 
vulgaris, O. fragilis, 0. missouriensis, Halesia tiitraptera, 11. diptera, Lau- 
nis Catesbyana, L. caroliniensis, L. Benzoin, L. Sassafras, &c., Juglans 
'fraxinifolia, Caiya aquatica, G. myristiciformis, Liquidaml^ styradflua, 
Ca^inus americanus, Castanea americana, 0. pumuay Platanus occiden- 
tdis, QueroaSy 25 sp., Taxodium distichum, l^nus Tasda, P. palustris, 
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Zainia iutegrifolia, Yucca gloriosa^ Y. aloifolia, &c., Cfioinierops Ilystrix, 
C. Palmetto, C. scrmlaid. 

Cultivated phmU , — About tlic same as in tlie third region, witli the ex- 
ception of the Ofive. Cultivation of Rice more extensive. In the southern 
parts some tropical plants, especially the Sugar-cane. 

0. lletjimi of Camellieie and Celastrineee Japanese, or Kaempfer's 

lie ff ion), 

3Iean temperature, 54°-()8° Fahr. 

Character . — ? 

(j/cnera. — Magnolia, Nandiiia, Furya, Oamcdlia, Thea, Celastrus, Ilex, 
Euoiiyiiius, llunialda, llovonia, Iverria, Spinea, (Jonocarpus, Lag^^rstroc- 
mia, Aucuba, llladhia, Dorjeiia, Elengnus, VoU^gojiuin, Pollia. 

Prvdmninmit trees and shrubs. — Uhapis dabellifomiis, PiniL3 sinensis, 
&c., Cuiiiiinghaniia lanceolaU, &c., Taxus niudlera, T. verticillata, Salis- 
huria adiaiitifolia, Crvptomeria japonica, Cu})res.sus pendula, Juniperus 
virginiaua, Thuja orientalis,T. dohibraUi, QiitT(‘us glabra, Q. glauca, Alims 
japonica, Juglaiis nigra, Ilroussoiietia papyrifera, Daphne odora, Laiirus 
glauca, L. lucida, L. umbidlata, L. pediinculut^i, Oltja fnigraiis, Diospyros 
Kaki, Mtispilus japonica, Sophora japonica, Acer japoniimm, A. septem- 
lohatum, A. paliuatuin, iSic., Camellia japonica, C. Sasanqua. 

Cultirated plants. — Rice, Wheat, Rarley, Cals, Doura (Sorghum vul- 
garo), Millet (Flcusine cormsaiia), Jiiick\vhcat, Sago ( Oyciis revoluta), 
Tnro (Arum or Cyaladium esculent uin), llatatas, or Sweet Isolate ; various 
spticies of Pear, Apple, (’rab, &c., (Quince, Plum, Apricot, Peach, Medlar ; 
mauj species of Citrus (Oranges, Shaddocks, &c.), Melons. 

'I’ea, Rapes (Rrassica sinensis). Radish, Cucumber, Conoinon, Gourds, 
Water-Melon, Anise, Star- Anise, Soja, Neluinbium, Trapa, Sciipiis tube- 
rosiis, Convolvulus reptans, Reans, Peas, Solaiium a*.tniopicum, Sesa- 
mnm. Hemp, Paper Mulberry, Cotton, Indigo, Isatis indigotica, Crtica 
iiivea. 

^ 7. Begion of the Scitamineee (Indian, or ItoxhurgKs Itegion), 

3Ieun temperatme, Pahr. 

Character. — The tropical Orders make their appearance, or become moi’e 
abundant: Palime, Cycadem, Scitaininem, Aroide®, Artocaipcie, Urticem, 
Eupliorbiaceo), Lauracete, Couvolvulace^e, Rignonlaceie, Apocyneaj, Rn- 
biacesc, Ijegununosm, Terebinthacem, Mcliacea}, Guttiferss, Sapindacese, 
Ry ttneriacem, Malvacem. 

The extra-tropical vtuiish, or only present themselves sparingly : Cari-^ 
ceue, Coniferm, Amentaceie, Labiatm, Roraginem, Composite, Rosaceec,* 
Cai^ophylleie, Cistacece, Cruciform, Ranunculacem. 

Gemira. — Uvaria, Grewia, Eriolmna, Garcinia, Ruchanania, Crotolaria, 
Memingia, Rutea, Carpopogon, Jainbosa, Qratiola, Tectona, Holmskiol- 
di^ Ficus, Phytocrene, Calamus. 

The trees are never without leaves. The number of arborescent plants 
is greater than outside the tropics. Large and splendid flowers. Mahy 
edimbing, parasitical, and epiphytic plants, j 

li^edemanant arborescent plants . — Dillenia omata, D. scabrella, Uvaria, sp. 
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Michelia Oampoca^ &c., 13omhax iusignis^ &c., Sterculia^ sp., Aatrapn^a 
Wallichii, Elioocai^us, sp.^ Caloph^ilum^ sp., Garciuia, sp., Bapindus, 8p., 
Swietenia ibbrifuga,Cissus,sp., Aquilaria inalacceusis, Bemocai'pus Aiiacar- 
diura^ MelanorrboBa usitatii^ Mimosa^ np.^ Acacia^ sp.^ Aniherstia iiobilis^ 
Pterocarpus santaliuiis, Cassia fistula^ Jarubosa^ sp.^ Gardenia, sp., Nancloa, 
sp., Uncaria Gambir, ])io.TOyroa Ebcnum, &c., Urceola elastica, Jiignoiiia, 
Aviceniiia loinentosa, Tectona grandis,T. llamiltouiana, Laiinis Cassia, 
L. Ciuuamouiiuu, Ij.iiialabathrica,Tetrauthera, sp., Mvristica, sp., llernan- 
dia souora, Ficus rcligiosa, F. iudica, F. olastica, 1\ fieiijamiiia, and many 
others; Cycas revoluta, 13orassiis Aabolliforniis, Cocos nucilera, Elate 
sylvestris, Metroxylon Bagiis, Calamus Jlotang, C. rudentum, C. Draco, 
&c., Areca Cate(?hu, Talicra bengaleiisis, Dracaena Draco, Pondaniis odora- 
tissimus, Flagellai*ia iiidica, Tlambusa arimdiiiacca. 

CuUiwitvd plaids. — Kico, Millets, &c. (Paiiicuin fininentaceiiin, Eleusine 
coracaiia, Sorghum, sp.), Sago (C^'cos circinalis), Vams, f inuind-niit (Ara- 
chis), (5oc.oa-uut, Tamaiiiid, Mango, Maugosteen,Jjaiiana, Plantain, lloso- 
Applo.s ( Piiigt'iiia, Jambosa), Guava, Oranges of various kinds, Shaddock, 
Wattu’-Melon, Sugar, Coffeo, Cloves, Peppers, Ginger, Caiiiainums, Tur- 
meric, Cotton, Indigo, &c., Soja, Deans, Pulses (l)olicho.s, sp.). 


8. Hegmi of JtJmlodewlron’-irees (EnmllCf or Wallich's Region). 

AlliUuks, 6,000*-l 2,000 feet. Mean temperature, (5G°-07® Fahr. 

Character. — Tropit^al forms disappear or di^croase : — Palmas, Cycndeos, 
Scitamineas, Euphorbiaccm, Bolanaceie, Convolvulacea}, Apocynacete, Te- 
robinYhacem, Leguminosje, jMjilvaceas, iinonoccjis. 

Extratropical, esisecially Europemi, forms come to light, or btscomo 
more abundant than in 7, siicii *is Caricom, Amfsntace.T, (^uiferas, Poly- 
gon(.*as (IJuniox, Polygonum, llheum),Primula(?eas (Primula, Lysimachia), 
Labiatie, Ericacejn (IJliododendron, Andromeda), Cichoracem, Uinbelli- 
foras, Kosaceje (Potentilla, J tubus, Rosa, Pyrus, Mespilus, l*runus), Ace- 
raceas, Caryopliyllac(sje (Btcllaria, Cerastium, Aiunuria), (^riiciferai, 
Ranunculaceas ( Aconitum, Itanunculns, 'J’lmlictnim). The Orchidem and 
.Ferns are very mimeTOus. Other characteristic forms are the 

Genera. — Allium, Paris, l^lantago, Veronica, Rlnnanthus, Podicularis, 
Didymocarpea5,Gentiana, Swertia, Campanula, Valeriana, Galium, Comus, 
Viburnum. 

Most important trees and shrubs . — Pinna Pindrow, P. W(*bbiana, P. 
excelsa, P. Khutrow, P. Gerardiana, Abies Smithiana, A. Drowniana, 
Cedrus Deodara, Cupressus torulosa, Podocarpus latifolia, Jiiniperus 
squamata, J. excelsa, Qucrcus spicata and ten other Corylus xerox, 
■Betula utilis, D. nitida, D. alnoidos, Alnus nepaleiisis, Balix dispeima, B. 


ligustrinum, Caprifoliuni japonicum, C. macranthum, Cornus oblonga, C. 
capitata, Viburnum fmtid'um &c., Andromeda formosa, A. ovalifolia, &c., 
Rhododendron arboreum, R. barbatum, K. Falconer!, and many other sp.; 
Hedera Hainla, &c., Ilex dipyrena, I. odorata, &c., Ribes Takare, Rosa 
microphylla, fee., Rubus riu^us, R. betulimis, &c., Spirsoa canescens, &c., 
^Neillia wyrsiflora, N. rubifiora, Pyius Pashia, Mespuus aifinis, M. Cuila, 
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&c., Pnmus undulata,P. cerasoidos, Rhus jiifrlandifolium, R. fraxinifoliuni, 
&CI., Rhamniis, sp., CelaqJjnifl, sp., Euonymus, ftp., Ac6r ficuTiiiiiatuni, A. 
oblongum, DobinsBa vulgaris, Magnolia, sp., iierberis asiatica, B. Wal- 
lichiana, B. Miccia. 

Note. — ^Tlie western portion of tlie Himalayas diflera consid'.*rably from 
tlie eastern portion, from the predominance dt Dicot vledonous forests and 
a damp climate in the former, with a rarity of Conifers until the limit of 
Abies Smithiana (10, (XX) feet) is attained, and an extension of the tropical 
plants to a greater altitude ; while in the drier eastern poi*tioii the Coni- 
fers are diffused throughout, the forests less considerable, and the plants 
of tc'mpemte climates diitused lower down. 

VultivnUnl plants, — The cereals and orchaixl fruits of Europe, mountain 
Rice, and a few tropical plants in the lower regions. 

9. Polynesum (or Rdnwardt's) Region, 

Mean temperature^ CG”-84° Fahr. AUitwle, 0-5000 feet. 

Ctmracter, — ^Resembling that of the Indian rep^on. The prineipnl di- 
stinction consists in the gi*eater number of < Ircliidea) (especially parasitic 
specujs, which appear hero in many peculiar forms), of Ferns, and speci(.s 
of tlcus. A sligiit approximation to the Australian forms : -Mtdaleiica, 
Metrosideros, I’rotcaceas (lleliophylliim). Among the other character- 
istic forms are the 

Gem^ra, — Licuala, Lodoici.'a, itaiflesia, Brugmansia, Stcuiionurus, Aii- 
tiaris, Myrislica, Noinaphila, Hydrophytiiin, Fhilagouia, Es( ubeclcia, 
Echiaocarpus, Ai'omadendron. ^ 

Vredovunant trees and shrubs. — Pi*iinaival forests, composed especially 
of specie's of Ficus, Lauracem, Calamea', and Bignoniacefc, with Li<*uala 
sptjciosa, J^odoicea seycliellaruni, Broussonetia pnpyrifera, Artocanius in- 
cisM, Antiaris toxicaria (Upas), Myristica, sp., Ardisia, sp., Tectoiia 
graiidis, Strychnos Tieiito, Diospyros, sp.,Barringtonia speciosa, B. excelsa, 
Bhilagonia procera, Cereus, sp., (J«lophvllum Inophyllum, Eheocaqms, 
sp., Esonbi'clda allissima, Echinocarpus Sigim. 

Oidtivated plants. — ^^fhe same as in the Indian region, ^ritli Bread-fruit, 
Cassava, Inocorpus edulis, Niituit?g, Camphor, Papaw, Cotton (tree, &c.). 
Paper-mulberry, Hemp*. 

10. Upper Javafi (or Blume's') Region, 

Attdnuh^ 5000-13,000 feet. 

Charactei ', — This region bears a certain resemblance to the Emodic 
region, and ought perhaps to Ikj united with it. Extratropical forms re- 
place the tropical. Oak-woods replace the foreftts of Ficus ; and these are 
succeeded by forests of Podocarpus mingled with Ternstroemiaceous trees, 
above which the shrubby Heaths (Thibaudia) and woody Guaphalia occm* 
at a comparatively low elevation (9000 feet), where the trees cease. 

r/ewem.— Plantago, Lysimaehia, Veronica, Gentiann, Sw^ertia, Vacj 
cinium, Gaultheria, Vireya, Thibaudia, Beilis, Gtilium, Saprosma. 

Characteristic trees and shrubs. — ^Temstroemiace«e (Cleyera), Gordohia*, 
Schima, Eurya, Meliacem, arborescent Eupftoriece, Laur^peae, Ficus, 
Podocarpus amara, P. imbricata, P. latifolia, P. bracteata, Agathis loran- 
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thifolia, Quercii8, 16 sp., Myrica javanica, Caatanca javanica^ (L argeiitea, 
&c., Lithocarpws javeusis, iOngelliardtia spicati^ E. rj<,^ida, I’hibaudia, sp., 
lion^osa, sp., Viburnum, sp., Sauibucua javuuiea, lla3iuospermum arbo- 
reum, Mespilus, sp. 

11. Oceanic (or Chammo^s) Regim. 

Mmn Tompccaturcj 73®-8.T Fabr. 

Character, — spariiifjf and not very peculiar flora. Greater approxi- 
mation to the flora of Asia tlnui to that of Africa; some afliiiity to the 
Australian ((^asuariiia, rroteiiceie, Myoporum, Kpacrideao, Melaleu(ja, 
AcaciaB aphyllm). 

Gemra, — Schiedea, Antlioloma, Aporetica, Orossostylis, Codia, Tiiiio- 
niua, Kadua, Cyathostej^da, Ar;^^ophylluni, Melodinus, Ascariiia. 

Prcdumimnt trees and shrubs , — I )racama terminalis, 'J'acca piniiatifida, 
Paudiuius odoratis.siiiius, Cocos nucifem, Corvpha iiuibraculifera, (hipresaiis 
coliiinuaris, (Jasuariiia eqiiisetifolia, C. noditicuii, Ficus, sp., Artocarpiis 
incisa, Aleurites triloba, Eiiibotlirium strobiliiium, Scicvola KcLMiifrii, \ ac- 
ciiiium cereiiin, Lobelia arborea, &c. ; Coll’ea haduana, C, Mariniaua, 
Kadua Cookiana, &c., llbizophora Maiiprh;, Tl. gyiiinorliiza, Tenninalia 
(hi talpa, ISarrinfrtonia spociosa, Melaleutui virgala, kc., ( )steomeles anthyl- 
lidifolia, Cassia Sopliora, Mimosa Mangium, Adciiaiitliej a scaiidena, Black- 
burnea pinnata, Calopliyllum Inophyllum, (/lusia sessilis, C, pedicellata, 
8apiiidus Saponaria, Doclomea spatliulata, 1). viseosa, Aporetica pinnata, 
A. teniala, Grewia Mallococca, Storculia Jialaugas, S.fcetida, Coiiiineraouia 
ccJjinata, Tetracera J^uryaiidra. 

CiiUirated plants, — Bread-fruit, Taro (Arum esculentum), Arum sa- 
gittifoliuiu, A. microrhizon, Tac^a piiiuatiiida, Convolvulus cdirysorhiziis, 
Yam (iJioscorea alata), C!)ocoaruut, Banana, Liocanuis (mIuHs, Sti;rcuiia 
Balaiityas, Ficus aspera, F. Granatiim, Shaddock, llofjr-plum (Spoiidias 
duhdsj, Mimusops dissecta, Tenuiiialia glabra, Cratana religiosa, J^ugmiia 
malacceusis, 1 Iracasna terminalis, Macropiper methysticum, Arecu oleracea, 
I*aper-mulberry. 

12. Jicf/im of Balsamic trees (Arabian or ForskaPs Region), 

Character, — Tropical ; in greatest part, Indian forms. 

CharacteHstic genera, — Strsemia, IVla^rua, Sernea, Gneoba, Caucaiithus, 
Gemma, Balsamodendron, (])adia, Orygia, Simbuleta. Some approxima- 
tion to the South-Africau llora (Stapdia, Ilmuianthus). 

Predmtmmnt trees and shrubs, — Pandanus odoratissimus, Ficus Syca- 
morus, F. salicifolia, F. populifolia, F. Forskfilii, F. palniata, F. seiTala, F. 
Sur, F. Toka, ATiceimia tomentosa, Oyuanchum arbomum, Balsamodeii- 
dron gileadense, B. Opobalsamum, B. Kataf, B. Kaful, Oelastrus edulis, 
G. parviflora, Grewia populifolia, Mserua uniHora, M. racemosa. 

Cultivated (species of Sorghum), six-rowed Barley, 

Maize, Arum Colocasia, Date-palm, Plantain, Cocoa-nut, Tamarind, FTg, 
Papaw, Pewh, Apricot, Plum, Apple, Quince, Vine, Coffee, Sugar, Ginger, 
fiodish, Spjnach, Gourd, Dolichos, sp., Tree-cotton, Indigo. 

' Note , — ^This region extends to the plains of North-east India (Scinde), 
and should, probably incli|jie part of Persia, and also of the Abyssinian 
o region. 
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13. TJu? Desert Region (JDeUle's Region), 

Mean temperature, 73”“80° Falir. 

Character , — A ver^'^ poor flora. Ko cbaiiuiteristic Orders or genera, 
but the following species : I’eiinisetuin dicliotomum, Phoenix dactylifera, 
Cucifera tliebaica, Euphorbia niauritanica, ^Evua tomeiitosa, Acacia nilo- 
tica, A. anibica, A. guniiniflira, A. Senegal, Cassia obovata, C. Siiigueaua, 
Alhagi maui'orum. Mimosa llabbus, Ziz^'phns Palma Ohristi, Zygophyllum 
simplex, Z. album, Fagonia arabiea, F. Ouibieyi. 

Cultivation . — Only in the Oases; here principally the Date-Palm. 
Doura (Sorghum vulgare), Wheat, IJarley. South-Europeon and certain 
Indian fruits. 

14. Region of Tropical Africa {Adanson\ Region), 

[The Interior litUe known,) 

Mean temperature, Fahr. 

Character , — The flora is remarkable for the large number of peculiai 
generic types, each often containing but species. lieguminosae, Ku- 
biaccfc, Cyperacea* very prevalent. Ck)niparati\ ely lew species of Palma?, 
Fificcs, S(?itaniini‘u?, 1‘iperaceie, l^assillorem. 

Genera. — Adansonia, Dombeya, Melhania, Christiania, Pentadesma, 
Nanoleona, Parkia, Thonningia. 

R'ethrninanl trees and shrnhs.f-Anona seiiegalensis, &c., Cadaba fari- 
nosa, (h’atieva Adansonii, C-apparis edulis, Pentadesma butyracea, Doin- 
bax pentandriini, D. guineenst*, Adansonia digitata, Stcrculia acuminata, 
Grewia carpinifolia, Acacia, s})., (]?assia oceidentalis, PterocBipiis escalen- 
tus, Parkin afnenna, Chiysobalanus Jcuco, Conocarpus pubescens, Ithizo- 
phora, sp., Psycholrin, sp., Diefiionia tulipifera, Aviceuuia africana, Eu- 

i ihorbia (shrubby species), Ficu.s, sp., Elais guiiieensis, E. melanococca, 
ihapis viuifera,‘Pha*nix 8pino.sa, Pandanus candelabrum. 

Cultivated plants. — Maize, Dice, Millets (Sorghum vulgnre, saccharatum, 
Panicum, sp.), Yam (Dioscorea aJata, siitivaj, Ctissava, Arum esculentum, 
I’lan tains, Mango, Papaw, Pine-apple, Oil-palm, Casht*w-nut, Figs, Tama- 
rind, Citrus, sp. (Oranges, Tames, J demons, &c.), Collee, Sugar, Ginger,^ 
Cardamoms, Gi'ains of Pimidisc, &c., llcjans of \arious kinds, and Do- * 
lichos pulses, Grouiid-uut ( Arachis), edible Solana, Cotton, Tobacco. 

16. Regiim of Cacti and IHiwracece (Jacquin^s Region), 

Mexico, Guiana, ^c. 

Altitude, up to bOCK) feet. Mean tfmiperature, 68°--84® Fahr. 

Character, — DromcliaceiB, Piperacese, Passifloraceae, Cactaceie, Euphoi^ 
biacea), (.^onvolvulacefe, Apocynacese, llubiaccfu. lYopieal Oiders less* 
frequent here than in otlier nlaces .within the tropics : Filices, Scitami- 
nero, Orchidaccoe, Myrtaceae, Leguminos®, Terebinthoce®, Aur^tiace®, 
Tiliace®, Malvace®. Extratropical Orders appearing or Incoming mono 
abundant : Labiat®, Ericace®, Campanulace®. Con^osit®, TJmbellifi^rs^/ 
Grassuhice®, Kosace®, Caryophvllace®, Cruciier®, Kanunculace®. 
Characteiistic genera, — ^Phytelephas, KuntMa^ Galactodeudron, Podo- 
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pterus, Salpiantlius, Kussellia, Lagascea^ Gronovia^ Inga, Thouinia, Lace- 
pcdia, Theobroiua/ Guazuma. 

Predominant trees and Cyathea npinosa, C. Meniwchnu 

arborescens, Agave americnim, Yucca acauliH, Cocos nacifera, 0. buty- 
racca, Mauritia flexuosa, Miirtiiiozia caryotilblia, Oreodoxa montana, 
Kuntbia montana, Obamncvopa Morini, Corypha Miriiguamn, C. Puinos, 
0. tectorum, &c., Idqiiidambar styraciiiua, Cecropia peltata, Galactodeii- 
dron utile, Khopala ovata, Aviceniiia tomentosa, Eliretiu ternifolia, Cordia 
dentata, Oereus, 'sp., Melocactus, sp., Opuiitia, sp., Peivskia, sp., Mannui!- 
laria, sp., Lecytbis clliptica, &c., licrtbollctia oxcelsn, arborescent ]Mcla- 
stomce, Baubiuia splendens, li. suavuolena, &c., Tlrematoxylon caiiipt;- 
chiauuin, Onesalpinia cassioides, &c., Acacia cornigerM, A. fojtida, iVc., 
Hymenaja Coiirbaril, &c., Tiiga llumboldtiaiia, I. insigiiis, &c., Mimosa, 
sp., Swietciiia Mahogaui, BonpLindia trifbliata. 

CulfivaUd plants. — Maize, Boura, Cassava, Yam, Tkitatas, Plantain, 
Mango, Custard-apples, Guavas, Cocoa-nut, Papaw, I'ejicb, l*ine-ai>ple, 
Oasliew-nut, Tamarind, species of Citrus, Granadilla, Vine, Cactus-liir, 
Rose-apple, Cocoa, Vanilla, Coflee, Sugar, Toniatos, Capsicums, Pigeon- 
peas (Cajanua), Ground-nut, Cochineal-cactus, I'obacco, Cotton. 

I 

16. JRegioti o f the. Me.ric(m Highlands (BonplamVs Itegmi). 

Altitude, above 6000 feet. Mean temperature, G7°“7tP h'alir. 

Character . — Tropical fonns vanishing ov decre*n*ing : Trce-fenis, Palmtc, 
Piperacem, Euphorbiacese, Mt'lastomaceas, Passiiloraceto. Extratropical 
forms make their appearance or become more abundant: Am(jntueca) 
(Salix, Quercus), Coniferm (Pinus, Oupressus), Labiata; (Salvia, Stiu livs, 
MaTrubium),Pedicularis, Anchusa, Myosotis, Polemoniuni, Ericneem (A’ac- 
^ ^ Arbutus, * — ' 


iJhctractensttc genera. — Mirabilis, Mauraudya, I^eucopliyllum, iloltzn , 
Dahlia, Zinnia, Schkuhria, Ximenesia, Lopezia, Yauquelinia, Choisya, 
, Cheirostemon. 

Predominant trees and shndts, — ^I^inus occidentalis, Abies hirtella, Cu- 
pressus thurifeAi, C. sabinoides, Taxodium distichum, Quercus (16 sp. ), 
Salix Donphmdiana, S. paradoxa, ^e., Arbutus mollis, A. petiolaris. Arc-, 
tostaphylos polifolia, A.pungens, &c., Vaccinium geminitlorum, V. sta- 
mlneum^ V. coiifei'tum, Rosa Montezumes, Mespilus puboscens, Amyg- 
dalus microphylla, Cheirostemon platanoides. 

Cultivated pdanta. — Maize, European cereals and fruits. 

Note . — In the uppermost repons of the mountains the ilora acquires an 
alpine aspect. Here occur Cyperus toluccensis, Chelone gentianoides, 
XlnicuB nivaUs, Ageratum arbutifolium, ^enecio (many procumbent species), 
Potentilla ranunculoides, Lupinus eleg^ns, L. montana, Arenaria bryoides. 

17. Hsgimi of Cinchonas (Andes, or Humholdt^s Jtegion). 

6000-9000 feet, .JKfetan temperature, 69*^-68° Fahr. 

CAarac^.^lE!xtratropicai forms make their appearance, or become 
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more frequent. Graminoceie, Amentacere (Quisrcus, Salix), Labiatm 
. (Salvia, Stachys, Scutellaria), Aucliusa, M^osotis, Swertito, Eficeoe, Com- 
jjositm (very uumeroue), Caprifoliaceae ( vibiirimiu, Sambucus), Umbel- 
liiijrsB (Eerula, Li^usticiini), Ilosficcm, (iJmcil’eraB, llanunciilaeea). ’On. 
the other liand, certain tropical forms vanish or become rarer, but a few 
particular species of I’aliufe, l^ipemcem, Cactaceae, Passillora, and Mela- 
st(»uiacem as(;(Mul to a considerable} tdtilude. 

frcwf'/’ei.— Liltca, (Jervantesia, Oreocallis, Lachnostomaj Gaylussaccia, 
Stevia, I’laveria, Tiiji;etes, Espeletia, Cinchona, Giiilleminia, Loasa, Ka- 
,a’t.*iu‘ckia, Ne^jyretia, Ainicia, l*erottetia, Dulongea, Laplacea, Frezicra, 
Abatia, Monniua. 

Prt‘<htnin(wl trees and shruhs, — Greodoxa frigida, (.V*roxylon audi(}ola, 
i*odocarpiis taxiiolia, Salix Tliimboldtiana, Queu'cus lJumboldtiana, Q. 
alniagiicreiisis, Q. tolimensis. Ficus velutina, Khopala cordifolia, ()reo- 
^•allis grand! Ilora, lh.*rsea l^e^ igata, Miitisii, 1\ sericea, (Icotea mollis, 
O. serict^a, \'acciitiinu caracasaniun, Andromeda braeamorensis, JJefana 
gla iica, M. lediioJia,, ( 'iiichoiia Condaininea, C. cordifolia, C. oblongifolia, 

( iaiirifolia, &c., AVoinrnannia elliptica, W. lljilbisiana, &c., Osteomoles 
glabi'iitii, Uubiis iloribuiidus. Ilex bumeloides, 1. myncoides, Clusia el- 
lijdicj^, 

Cnit^mied — The tropical cultivated plants mentioned under 16 

alinosL ciitir .4isn])pt*ar ; Maize and Codee, however, are cultivated in 
tills region j " these come the European cercnils and fruits, Potatoes, 
uni Cheut*- Quinon. • 

1 ' y/Zo,. ^ ami CalveolarUe {Ihiiz and Pavm's PetfioH), 

tKXX)~] 8,000 feet. Mean iem}m*aiure^ 60®— 34'^ Fahr. 

L di / The tropical fonns have disappeared almost entirely, but 
th«.! forowiiijr genera still occur: — Tillaudsia, Oncidium, Peperoinia, 
]{b.fcv.ia, J’assillora. The fonns which characterize the colder tomporale 
jf*.. the )»olar zones become more oomiiiou : Lichenales, Musci, Ciu'ex, 
vUznla, A hills, Ituniox, I'lantngo, Gentiana, Swertia, Vaccinium, 0am- 
. niila, (^icalia, Senecio, Umbellilene, \'aleriana, Saxifraga, Ribes, Rubus, 
Ah-iuiiiiilla, Oarvophylbiceie (Sagina, Arenaiia, Cerastimn, Stellaria), Oru- 
^•iferai (Draba, Arabis). ^ ^ 

Predominant Ordirs, — Compositjc, Graminacem, Ericacem. No large 
trees. 

Charneteristic genera. — ^Desyeuxia, Tigiidia, Gardo^uia, Calceolaria, 
Thibaudia, Lysipoma, IJarnndesia, TTonianthis, Ohuquiruga, Oulcitiiim, 
AVemera, Iluinerillia, Escallonia, Pectophytum, Klaprothia, Polylepis. 

Predominant sh'uhs. — ^Alnus fen'ugiiiea, A. acuminata, Vaccinium acui- 
ininatum, V. empetrifolium, V. flqribiindum, &c., Thibaudia rupestris, T. 
doribunda, T. longifolia, T. strobilifei^ Befaria grandiiloxa, B. coarctata, 
Ribes irigidum, Escallonia myrtilloides, E. tortuosa, E. berberidifolia, 
Ilex scopulorum, Drymis grauatensis. • * 

19. West-Indian (or Stoart&'e) Begum, 

Mem ietuperabure, 69°-79° Fahr! 

Character , — ^The flora of this group of islands *approache9 th&t of the 
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adjacent continent, but is distinpfuislied especially (like the Polynesian 
from the Indiaif flora) by the gr(?at quantity of jilices and Orchidacen\ 
In addition to these Orders, we find among the charactoistic fonns the 
following : — • 

Thrinax, Epistvlium, Alchomea, Tanaecium, Tetranlhus, 
Cat(\sbaea, Belonia, Portlandia, Picramnia, Legnotis, Tdthopliila, Valen- 
tinia, Ilypelate. 

The following are deserving of mention among the predominant trees 
and shrubs : — Cocos nucifera, Pinus occidontalis, Laurus, sp., Melastoma, 
sp., Myrtus, sp., Sterciilia, sp., Uvaria, sp. 

CidUv€tted plaits the same as in 15. 

20. liegion o f Palms and Mdastonm {BrazUian or Martims Bet/ion), 
Mann temperature, 59' -84'^ Fahr. 

Character , — Probably that portion of the globe in which the Vegetable 
Kingdom presents the greatest profusion and Variety. Abundance of 
genera and specitis, iiiagnitudo of individuals, inipenel ruble (primeval) 
forests, numerous climbing and ptirasitical plants. Among the charac- 
teristic altliough not peculiar Orders may bo nanuid Palniaj, Ilfemo- 
donujcjc, Qosneraceaj, ^liilastomacem, and ^apindaeom ; the Vochysiacom 
n«^ peculiar. The peculiar genera are too numerous to be fill mentioutjd 
here ; among those richest in specii»s ar(^ the 

^"ellosia, Jiarbacenia, Manihot, Franciscc^a, Ditassa, Lycno- 
phora, Jliplusodon, Kielmeyera, Sauvagesia, Lavradia. 

• Charademtic genera and species, according to the different modes of 
oeeurreuee , — In the priimeval forests: Palms of various geucjra, TJioa, 
Ficus, Oocronia, Anda, Uhopala, Myiistica, Iflgnonia, Thcophrasta, Stilflia, 
Oxyanthus, Ooutarea, Psychotria, Bertiera, Fmiillea, Oarica, Alyrtus, Oiis- 
tavia, Lecythis, Btjrthollelia, Medastoma, TTvmemca, Dimorpba, Tratti- 
niclda, Pilocarpus, Trichilia, Oedrela, Ou])aiiia, Bmiisteria, llippocraliia, 
Oaryocjar, Maregravia, Clusia, Oalophyllmii, Sloanea, Oothea, Lenretouia, 
Abroma, Oarolin(3a, Bixa, Uvaria. 

In the Catingas (or open woods, where the trees lose their heaves in the 
dry season) : Jatropha, sp., Acacia, sp., Mimosa, sp., Crosalpinia pnbescens, 
&c., Spondias tuberosa, Thryallis brasiliensis, Ohorisia veiitricosa. Bomhax, 
sp., h]riodendron, sp., Pourndia ventricosa, Capparis lineata, &c., Aiioiifi 
outusifolia, &c. 

In the Oaiiipos (open treeless plains): Paiiicem, Amaryllis, Alstro^- 
meria, VeUusia, Barhactmia, Burmanuia, 8telis, Cnemidostachya, Khopala, 
Laurus, Ocotea, Gomphrena, Lantana, Echites, Hancomia speciosa, Ges- 
nera, Lycnophora, iWcharis, Vemouia, Mikania, Stevia, Melastoma, 
Khexia, Temiinalia fagifolia, Gaudichaudia, Sauvagesia, Lavradia, Ploct- 
aiithera. 

On the sea-coasts: Cocos schi^mphylla, Diplotheinium moritimum, 
Eriocaulon, sp., Xyris, sp., Avicehnia tomentosa, Hhizophora Mangle, 
Conoca^us erectus, Laguucularia racemosa, Bucida Buceras* 

Chdlivated plants, about as in 15. 
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21. Begion of shrubby C(nnposit€B (Extratropicd S.^ American^ or iSY.- 
. llilaMs Begion). • 

Mean temperature, 51)°-74° Fahr. 

Character. — The tropical fonus decrease or vanish; extratropical, 
especially European, forms lake their place: Ranunculacem, Oruciferao, 
I Ieli»mthemuin, (Jaryophvllacea}, Lathyrus, Galium, Teucriiim, Plantsifro, 
Carex; a few South'-African forms, Polygala, Oxalis, Gnaphalium. Tliis 
region lias more than half its genera in common with Europe. N uiuerous 
Composite ; many among these shrubby. 

Genera. — IjaiToa, Hortia, Diposis, Tloopis, Acioarpha, Cortesia, Petunia, 
Jaborosa, Trifvcla, C’aperonia, Bip(3nnul(u In great part consisting of i>pen 
'*at plains (I*anipas), over wliicrh Ginsses and Jhistles prevail. 

i 'ultimU‘d pilanU . — Mostly the European : Whtnit, \^ne. The Peach is 


22. The Antarctic Begion CrriHe^s Beffion). 

Mean temperature, 41^-48^' Fahr. 

Charaeter . — Great rt*semblance to the Norih -European flora (Region 2). 
The tropical fonus have entirely vanished. 

Predominant Orders. — (kimposilie, Graiiiinaccae, Cariceoe, Musci, Td- 
ohenes. The following are also common : lianunculaceae, Criicifera', 
Caryophyllacea), l{t»'iu;ea.’, ITmoelliferaj. Two-thirds of the genera in 
conitnou 'with Eurtipe. A slight approximation to South Africa (Gla- 
diolus, W’^itsima., Galaxia, Crassula) and to Australia (Embothriym, 
Gurisia, Stylidim, Miiiarum). 

Charneteristia genera. — Gnimardia, Astelia, Oallixene, Philosia, Dra- 
netes, Raja, Calc(jolaria, J’erneityo, Oligosporas, Nossa^da, Rolax, Azortdln, 
llonatia, Acauin, ITamadrvas. 

Predominant trees and shrubs. — ^Ff^rns antarctica, Salix magellaiiica, 
Embothrium cowjineum, Pemetlya empetrifolia, P. mucronata, Andro- 
meda niyrsinites, Jiacchnris trideulata, (Jhiliotrichum amelloides, Ribes 
magelhuiicum, Escalloiiia serrata. Fuchsia coccinea, Myrtus num'midaria, 
Berberis ilicifolia, 13. iiiermis, 13. microphylla, B. empetrifolia, Drimys 
Winteri. No cultivation. 


23. Begion of Stamliee and Meseinbrya/ntheina (S. African, or 
Tlmnberg'a Begion), 

Mean temperature, 64®-73^Fahr. 

Character. — K flora veiy rich in forms, but not luxuriant ; no large d(*nse < 
forests, or abundance of cbmbing plants, &c. ; many succulent plants. 

(Characteristic Ordirs. — Restiacem, Iridacem, Proteacees, Ericaceae, Fi-# 
coidea), Bruniaceae, Diosmeae, Geraniacejo, Oxalideae, Polygalaceae. 

Genera. — Restio, Ixia, Gladiolus, Moraea, Watsonia, Ilaemanthus, Stru- 
maria, Agapnnthus, Eucomis, Massouia, Sti*elitzia, Passerina, Gnidia, 
Protea, Ijcucadendron, Leucospermum, Serruraria (and many other Pro-* 
teaceae),Stilbc,Selago, Stapelia, Erica, Gnaphalium, llelichzysum, Stobasa, 
Pteronia, Osteosperinum, Tarchonanthus, R41hania, Gorteria, Arctotis, 
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Othonna, Stoebe, (Edera, ATitliospermum, Mesembryanlliemum, Vahlia, 
Liparia, Borbonia, Lt*becliia, Baffnia, Aspalatlnw, Stavia, Bnuiia, l*hylicn, 
Dioama, Pelar<ronium, Oxalia, Sparmaunia, Muraltia, I’olj'gala, l*oiia3a, 
Welwitschia. ' 

Predmiinant forms . — On the sandy districts of the coasts : Stnp<dia, 
Iridacese^ Mesombryaiithoinimi, liestio, Diosma. On the mountains: 
IVoteaceaa, Erica, (Jrassiila, &c. On the dry plateaux : Acacia (;aponsis, 
A. giraftk?, A. d(jtin(*ns, A. viridamis, Euphorbia mauritanica, E. tenax, 
Poa spiiiosa, Mcseiubryauthcimmi, sp., Aloe, Iridaccse, Erica, l)iosmt*se, 
liestio. 

Otiur romarliahle species , — ITfcnianthus coccineus, Amaryllis toxicnria, 
Testudinaria montaiia, T. elephantipes, rodocari)ua elongatus, Salix 
gariepina, Protca iiudlifera, P. gnindiflora, Loucadendron argenteum, 
Jiaums hullata, Lyciiim tetrandrum, Olca siniilis, Ithizogum trichotonium, 
'rar(dionantliiis camphoratiia, Sln^btJ rhinocerotis, Crassula coccinea, J*or- 
tulacaria afra, Meseinbryanthenuiin edule, M. turbinifovnie, JMetrosidc^os 
angustifolia, Acacia tdepliaiitina, Zizyphus buhalina, Calodcudron capense, 
Welwitschia mirabilis, Succulent vines (Vitis), &'c. 

Vidtkaied plants , — The European cereals, fruits, and <:scul(*nt vege- 
tables; also Sorghum coffrorum, liatatas, Plantains, Tamarind, Guava, 
Shaddock. 


^4. Bofftmi of the Eueahfpti and Epaendes (Amtralian, < 
jR. lironm's liepion). 


Mean temperature, Fahr. 

Character . — One of the richest #nd most peculiar floras, but without 
any considerable profusion of vegetation. 

The eharaetsristie, orders and genera are — Xerotes, XanthoiThwa, 
Ptcrostyles, Oasiiarinre, Loptomeria, l^mclea, Proteaceie (Jknksia, llakea, 
Pemoonia, Gnmlloa, Petrophila, Isopogon, Dryandra), Myoporimjw, West- 
ringia, Logaiiia, Mitra.sacmo, Epacridacere (Epacris, Leucopogon, Sty- 
nholia), Stackhoiisiere, Screvolem, Goodenovieie, Stylidete, Eucalyptus, 
Melaleuca, Loptosperraum, Acacia? aphyllte, Platylobium, Bossima/Dios- 
mefo (Boronia, Zicirial, Pittoaporeae, Tremandrece, Ifleurandra, Tlibbortia. 

Predominant trees awl shrubs. — ^Three-fourths of the forests are com- 
posed of species of Eucalyptus, the number of which amount to more than 
a hundred. Next to these come I’roteaceie, Epaciidefe, Diosmea), (M- 
suarinoB, and Acacia) aphyllae, forming woods and “ bush.” Also Coniferm, 
Araucaria cxcolsa, A. liidwilli, A. Ounninghamii, Cookii, Dacrydium 
Franklinii, Podocarpiis spinuJosa. 

Otdtimted plants . — ^In the European colonies the cereals, fraits, and 
vegetables of Europe. 


26. ^€w~Zealand Regixm {Forster'* s Regirm), 

Temperate climate. 

Character , — ^Tropical forms vanish, or appear but sparingly. Half the 
genera European. Approximation to Australia (Piraelea, 3Tyo])oruni, 
Epacris, St^helia, Cassiuia, Melaleu'-a) ; to Africa (Gnaphaliiim, 
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Xoranthemiim, Tetragonia, Mesembiyantheniura, Oxalis); to the Ant- 
arctic region (Mniarum, 'Fuchsia, Actena, Drimys}. Vfery fliany Ferns. 

Gmern . — Phoriiiiuni, Peimantia, Knightia, Forstera, briselinia, Mtjli- 
cope, Dicera, Plagianthus, Melictiis. 

Charartfrisfic sjmies . — Oyathea mediillaris, Gleichonia furcata, Pracfcna 
iiidivisa, 1). australis, Pliormimii tenax, Areca sapida, Dacr^dium taxi- 
folium, Dammara australis, Podocarpus Totiura, Knightia oxcelsa, Avi- 
ceunia resinifera, Andromeda riipostris, Epacris juniperina, &c., \Vcin- 
niannia racomosa, Tetragonia expansa, Fuchsia excorticat^ Melaleuca, 
sp., Dicera dontata, 1). serrata. 

(■tfUivatvilplfinla . — ^Arum esculentum, Convolvulus chrysorhizus, Phor- 
minin tenax (Now-Zealand tiax), Paper-niulbony. In the European 
colonies tlie ctiroals, fruits, and escuhmts of Central Europe. 


Sect^4. Statistics of Vegetation. 

Various authors have made computations from existing 
data, xvilli a view to ascortuiii the total number of existing species 
of Phancrogamia ; but as the opinions of authors as to what limits 
u speeies are so <‘xtremely varied, it secmis useless to occupy space 
with such speculative matter. The computations range from 100,000 
to 1100,000 species and u])wards. It is somewhat more eas}^ to lay 
down some general staiisticial facts regarding the distribution, and 
particularly in rcjforonco to the relative projiortions of the more im- 
portant Classes and Orders, in different regions of the globe. 

047. Mateiiids are ' insufficient to enable us to calculate the 
relative distribution of Cryptogamia and Phanerogamia in different 
regions. The former appear to boar a higher proportion to. the 
latter as we recede from the equator to the poles ; but this may 
depend u])on our better acquaintance with the Cryptogamic Floras 
of th(^ northern ti^mpcrato regions than with the Cryptogamia of the 
warmer climates. 

04S. As regards the relative abundance of Monocotyledons and 
Dicotyledons in different latitudes, it is generally agreed that the 
proportion of Monocotyledons to Dicotyledons increases from the 
equator towards the poles, — a retrogression of the proportioTial 
number taking place, however, in the icy regions of the poles and on 
alpine summits. As a rule also, closely connected with the above 
statements, Monocotjdcdojis arc more iiredominant in proportion to 
the greater moisture of a climate. 

949. Probably no Orders, except the Leguminosm and the Com- 
posite, contain a number of species amounting tdiS ixjr cent, of the 
total number of Phanerogamic species. Thus the existence of spccios 
of one Order in any region exceeding in number 5 per cent, of njl 
the species found there, indicates a predominance of that Order. If 
such predominance occur only in one region, the Order becomes 
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charaHeristk of tnat region ; if such predominance of the same Order 
occur in mtmy rogions, it indicates wide diffiMon of that Order. 

In a very long list of Floras, from all parts of the globe, compared hr 
Alph. l)e Candolle, it was found that only Go Orders of Phaueroginuia 
formed more than G per cent, in any one or several regions. 

The Orders which presented in one or but a few floras from 10 to 19 
per cent, of the PJianerogtuiiic species were : — 


Oar 3 ’ophyllace{e . . Spitzbergen (145 per cent.). 

Cruciferie Snitzbei-gen (19), and Melville Island (IGJ). 

Leguminosae .... Almost all intertropicnl and subtropical rogions. 

Riihiaceaj SioiTa Leone (10). 

Pniteaceje Australia (11^). 

Mehistomacea) . . West coast of tropical America (11 f), Brazil (?). 

Saxifragaceie Spitzbf'rgen (145), Melville Island (lo). 

Solanacete Ascension (IG) (naturalizoa). 

Myrtaceje Brazil (?). 

Cj-peraceae Ijapland (IG), Iceland (11), Brocken (12). 

Orchidaceje New Ouinea (BU), Java (10), Mauritius (11-1), 

S. Mi‘xico (10). 


Of Orders ordinarily exceeding 10 per cent, of a flora, — 

Graminacem constituted 18 per cent, in Spitzbtjrgcn ; 21 in Melville 
Island ; 27 in Kerguelen s Land. Ooinpositm, 185 t*(Jiit. in Palifornia 
and .Mexico; 19 in the Malouinos; 21m Chili; 22 at Quito; 25 in the 
S. of Buenos Ayrea; 27 in Juan Fernandez. 

Oi'dcrs with more than GO per cent, occuirred in exceptional localities, 
viz. Corapositm (GG5) in the elevated parts of Chili, and Cyperacew (GGi) 
at Tristan d’Acunhii. 

950. Certain Orders jiredominato in inirticiilar latitudes, without 
being in their nature characteristic of those latitudes. 

• Thus, while in some regions of the tropical zone the Palms, Zingi- 
boraceie, Marantaccro, *M(?lastoinace®, Malpighiaccm, &c. are really cha- 
racteristic, the predominant species of the tropical floras ai*e not mem- 
bers of such Onlers as Laurarrem, Meiiispemiace*©, Anonacem, Boinbticeie, 
which have their maximum in hot climates, but belong to the Legiimi- 
nossB, Graminacem, and Composit®, whidh exceed 10 per cent, gcuierally 
in the tropics: the Orchidaeeie and Cyperacem follow next, then Eu- 

S horbiace®, UrticAce®, Melastomace®, and Scrophulariacooo ; of which, 
[elastomace® alone belong exclusively to hot regions. 

Other Orders occurring in many tropical floras, but forming less than 
6 per cent, of the species^ are : — 

Oonvolvulace®, ])|Eilvace®, Piperacete, Zingiberacoso, and Marantace®, 
Solanace®, and less^ commonly Acanthace®, Amentace®, Apocynacero, 
Bignoniace®, Bora^nace®, Capparidace®, (3ucurbitacc®, Gontianacero, 
T/tibnit®, Laurace®, Loranthace®, Malnighiace®, Myrtacero, TJmbulliferro, 
Palmace®! Passiflorace®, Ilosace®, Butacca), Anacardiacen^, and Ver- 
benace®. 
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The Ferns arc likewise exceedingly predominant in species in the 
islands of the tropics (l(i, 21, 2r» pjr cent.). 

Iii.northoni toinperate latitudes (from the tropic to 60" N. lat.), again, 
Coiiipositaa, (Traniinaceuo, Cyperaceie, and Loguminoste predominate in 
species; the ryperacero increasing northward, the lieguminossB rapidly* 
decreasing ((Irmiada 8 per cent., lorksliire 4^ per cent.). Next follow 
Cruc-ifene, Ilinbellifera*, and Carvophyllacem ; then Lahintai, llosacem, 
and Scropliulaidaceje. No other Orders exceed 6 per cent, of the species, 
and only attain this in exceptional localities. 

In the northern zone beyond 00“ N. lat., the species predominating north- 
wards are (Iraminacofc, Oiiciferie, Saxifragaceie, Caryophyllacete, Ita- 
nunciiliic(?a*. llosacerc, ( -yperacejc (5-7 per cjent.). OompositsB form 7 per 
cent, in Melville Island^ but on iy 4-5 per cent, in Spitzbergen. Amen- 
tif(*ra; (Jjetulaccm, Salicaccic, &c.) and .luncacoie barely reach 5 per cent, ; 
Folygoiuiccfe, hincacea?, and 8(Tophulariacea} approach this number, but 
arts mostly below it. 

In the south teinperaic zone we find two classes of regions, one dr}', the 
other with a damp (diniato. The tbmier comprt‘honda the Cape of (lood 
Hope, Australia, (.’hili, and LalHata. Compositro predominate at the 
Ciipe and in America, but in Australia fall to 7 per cent. Leguminosie, 
on the contrary, make but 7 to 12 per cent, in America and at the Cape, 
but 14 per cent, in Australia. The Crasst's arii not more than 3 to 6 per 
cent, anywhere, and the (^yperacea' still fewer. 

The Cape and Australia have, however, certain especially abundant 
Orders ; thus Protoaceie form 2 to 6 per cent, at the Cape, 8-12 per cent, 
in Australia; Myrtacess 9 per cent., and EpacridacesD 4-5 percent, in 
Australia ; Iriilace?e 4-6 per cent., Liliacem 4-5 per cent., and Ericaotjro 
2-6 per cent, at tin; Cape ; Stylidiacem and GooueniaceiB are especially 
Australian. 

In the moist rop^ona, comprising parts of the African coast, Tasmania, 
New Zealand, Island of Chiloe, &:c.,the Grasses and Coinpositro increase in 
departing from the tnmics ; Cyperacea' rise to 4-8 per cent. ; Orchidacese, 
per cent. ; and Ferns are very iimnerous in the islands. Itestia(?e 80 
increase in Tasmania, but I*roteii'cojB, Leguminoso), with Stylidiaceae, 
Goodeniacefc, &c. decrease. The pi*oportions in the southern extremity 
of America approach those of the temperate and moist regions of the 
northern hemisphere. 

As a general statement, it may he said that of the throe most fre- 
quently predominating Orders, Ijeguminos® are diminished in propor- 
tion to temperature, Ihe Compositse are lessened by combined cold and 
humidity, and the Gramiuacem are least predominant where the climate 
is dry. 
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CHAPTER TTI. 

BOTANICAL GEOLOGY. 

Sect. 1. Natlke AND Importance op Fossil Plants. 

951 . llomaiDS and traces of plants arc mot with in most of the 
stratified rocks which have been prodneed by successive geolojrical 
changes of the earth’s surface. These remains afford jiti indication, 
more or less perfect in different cases, of the nature of the vegetation 
which has existed in earlier periods of the world’s history. Vege- 
table remains found imboddtjd in geological formations are called 
/c».s.sy7 lijnnis ; and the condition in which those fossils occur are ex- 
ccedingly varied, both as to the nfiture of the substance preserving 
thcj vegetable forms, and the degree of perfection of the forms pre- 
served. 

The principal kinds of fossils may bo classed as follows : — 1. PrfmM 
pJantfi, in which the structures of plants have biH'ii more orltiss coinpMely 
impregnated with mineral matter, haiTlening them into a stony mass. 
They present vai*ious modifications, in which more or less of the/organic 
matter remains, completely impregnated with mineral siihstance^s, or 
where the mineralization is so complete that the organic substance has 
totally disappeared. The mineral substance of such fossils is ditleront 
in difibront cases. Silicified remains are tlio most common ; fossils ini- 
pi^griatod with carbonate or sulphate of lime abound in other strata, 
while fossils of dense or earthy ironstone, argillaceous iroiist(UU*, and, 
lastly, iron-pyrites Jire frequent in particular rocks ; impregnations with 
rock-salt, oxide of copper, alumina, &c. ait? rarer. 

2. Cotd, where tin? vegetable suhstnnee is more or less completf*]y con- 
vertea into a solid, black, comhiLstible carbonaceous snhstance, of stone- 
liko aspect. This occurs in almost every possible inoditicalion, in masses 
' or in the form of isolated plants or organs of plants, from the solid stony 
anthracite to the hrovnh coal or IvjniUs, which preserves the organic texture 
and is recognizable at first sight as vegetable matter. Coal-beds are 
formed through the accumulation of vast masses of vegetation, and their 
cpnversion through pressure aud chemical changes into solid masses; but 
leaves, stems, or paits of stems, such as iayei-s of hai’k, fruits, &c., con- 
verted into coal, are found isolated in strata of various composition. 
With these last are intimately connected the numerous fossils which are 
' true petrifactions, but have the organic matter preserved in the mineral 
substance in the condition of coal, giving a coal-like aspect to the fossil. 

« 3. Imwemnns OY natural plants or organs of plants, which have 

been formed by the^vegetable objects being incrasted by, or imbedded in, 
mineral substance and decaying subsequently to the solidification of tlie 
. enclosing svibs||»Qce ; the cavity left by the decayed vegetable may be 
filled' up by “fliiii Sfuno or a different mineral substance ; and casts of the 
internal pari9 of stems &y. are met wnth, from the penetration of the 
mineral malSte into cavities formed by tlie quicker aecay of succulent 
' structurei^ such, as pith. c 
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4. OhjecU containpdn in amber, the fossil resin of a iPiuo, 'wrhich has 
accideiitiilly eiu-ioseil variouH vegetable and animal bodies which it flowed 
over while" liquid. The objects are sonietiines thoroughly impregnated 
with iiiiibor, like iriioroscropic objects enclosed in (^Janada "balsam, these 
having been enclosed in a d(*ad or dry condition ; in other ^ ases, where’ 
fiM'sli organs have been enclosed, hollow casts only are found, the en« 
closed matter having been more or less decomposed. 

052. The study of vegetable fossils is far less satisfactory thjin 
that of animal remains, since, in the great majority of cases, the 
structures most distinctive of the subordinate groups of plants are 
formed of very perishable matter. (Jlcncra, and even species, of 
animals may be recognized by bones and shells, which arc of a very 
persisttmt nature, and are found abundant ly in stratified rocks. The 
prestti-vation of I'ossils can only have occurred through the agency 
of water, impregnated with minciulizing matter, or loaded with 
mud which (*nc]os(*d the remains : the vegetable bodies which can 
rewist the long-continued action of water are few; and these mostly 
afford only characters of large sections of the vegetable kingdom, 
without furnishing generic, far less specific distinctions. Added to 
the fragmentary eharaeter the fossils known, those kinds hitherto 
found possibly only represent partially prevailing forms of vegeta- 
tion. 

Atteunpts, howcv(^r, have been made, by combining^ the 
conclusions of stratigraphicjil geology and animal palieontology with 
those of vegetable i)abrontology, to form conceptions of the charac- 
ter of the vegetation of siwiceoding geological periods. The .ideas 
obtained in this way, hoAvever, arc very superficial and exceedingly 
speculative. Still there is much that is promising in the investiga- 
tions ; and the general tendency of all the facts hitherto collected is 
to indicate that there has been a gradually increasing complexity o^ 
organization in the plants successively created, that the plants of 
the earliest (»pochs belong to the lower Classes, and that the higher 
Phanerogamia appearc'd only in the later formations — ^in the last of 
these jirobfibly in smaller proportion than in existing vegetation. In 
the earliest fonnatious (Cambrian, Silurian, &c.) the few vegetable 
remains arc those of Algao, Fncoids, &c. In the Devonian and Carbo- 
niferous periods vascular Cryptogams, Ferns, Lycopods, Equiseta 
prevailed. In the Triassic and Oolitic periods Gymnospermous plants 
form a marked feature, also Conifers, Cycads, &c., with Tree-fenuf 
and traces of Monocotylcdonous ;plantB, With the Cretaceous period 
appear Angiospcrmoiis plants, beginning with a pnjponderance of 
Incomplete, and passing through Dialypetale to the more recent 
formations, where Gamopotalous plants prevail. But in aU cases, 
though there is evidence of progress, there is an overlapping of the 
characteristics of one period by those of another. 
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954. One important point, however, must not ho overlooked in 
inquiries relating to this subject ; that is, the probability of the co- 
existence of diversified local Jlorax, as at the present day, the* re- 
•mains of which might, from purely systematic considerations, bo 
regarded as of different antiquity. 

In illustration of this, it may be ob8er\’cd that the remains found in the 
European formations b(?longiug to the epoch immediat»*ly preceding the 
nresent, offer a general resemblance to th(j prevailing forms of existing 
North- American vegetation. 


Sect. 2. Fossil Plants chaeacteeizing vaetictilar 
Geological Foraiations. 

1. Flora of the Palmzoic Strata, 

A, Lower and Middle Palaeozoic, or Transition Period. 

955. Comparatively few plants are known in these strata, and a 
considerable amount of uncertainty exists in reference to the deter- 
mination of the fossils. Wliat remnaifts remain in the Cambrian, 
Silurian, and Lower Devonian series are apparently those of marine 
Algse. In the more recent deposits of this ago, Ferns, Calamites, 
and Conifers are found. 

B. Upper Palaeozoic, or Carboniferotui System. 

956. The known floras of this system, remarkable for the pre- 
sence of the great coal-beds of Europe, afford a very large number 
of species, in which there is a continued great predominance of the 
' Leafy Cryptogamia (Ferns &e.). 

The principal characteristics revealed here are the absence of 
Dicotyledons, the paucity of Monocotyledons, the predominance of 
the Ferns and allied Classes, and of certain plants of organization 
not met with in existing vegetation, referred by some authors to the 
Class of Gymnosperms, by othcis, and probably more correctly, to 
the vicinity of Lycopodiaccm &c. Conifers and Cycads begin to 
appear, with Stigmarias, Sigillarias, Lepidodendron, <kc. The general 
, character of this flora is very monotonous, and alike in character 
from the jwles to the equator. 

This fl^A disappears almost entirely in the next System. 

C. Permian System. 

957# The foBsUs of tUese strata afford only fragmentary repre- 
sentalives of the Carboniferous flora, most of the characteristic genera 
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h«aving disappoaredi The Orders are much the sajne, but less. nu- 
merously represented by species, Silicified coniferous wood, Ferns, 
arid AlgflB are fouud, and also evidence of the existence of Palms, 

2. Flom of the Mesozoic^ or Secondary Strata, 

A, Triassic, or New Red System. 

958. In the Variegated Sandstone” strata of this formation, 
comparatively few species have yet been observed. The Carboni- 
ferous sy)ocies havc^ disfi])poared ; Ferns still predominate, and exhi- 
bit peculiar forms; Conifers (Voitzm, Hnidinffera) are abundant; 
Cycadcic rare, and a few doubtful ^Monocotyledons {Tuccitea^ Pahe- 
o.vi/ris) occur. In tlu; “Keui)or ” Sandstones, with a general analogy 
in the proportion of Orders, except that Conitera) are rare and Cy- 
cadaceai abundant, the genera of Ferns and allied Orders are mostly 
.distinct from those of the A’osgesijm, or “Variegated” Sandstones. 

B. Liassic System. 

959. The essential chfiracters of this epoch arc the great pre- 
dominance of Cycadca), which here appear in several new genera, 
and the existence of Fcnis with more highly organized foliage than 
that of the genera of older fonnations. Algm, Fungi, Lichens?, Lyco- 
pods, and Conifers also existed at this period. 

C. Oolitic System. 

960. The nature of the strata referable here is very diverse ; the 
general character of the fossil vegetation consists in abundance of 
Ferns proper, and of Cyeadcae, especially of those genera (Zamites 
and Otozamites) approa(jhing nearest to existing forms, and tte 
greater frequency of the Coniferaj, BrachyjpJiyllum and Thuytes, than 
in the Lias. Algsc, Marsileas, Lycopods arc also found. There arc*, 
a large number of known species. 

D. Wealden System. 

961. This formation, remarkable as a freshwater product, has 
afforded comparatively few species of plants, mostly congenenc, 
although specifically distinct from those of the Lias ; but the pro- 
portion of the Cycadaceae to. the Ferns is smaller. EquUetvm and 
Chara are represented. 

E. Gretaoeons System. 

962. In this formation we are at once struck with the diminu- 
tion of Ferns, Equisetacese, an^ allied forms, the reduction of 
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species of Gynuiosi^crms, and the api)oaraiicc« of Angiospermous 
Phanerogaraia, chiefly dicotyledonous (lietnla, Mi^rica, Salioj, &e.), 
though traces of Palms and Grasses have been .met with. The 
Oycadaceae are still numerous ; but they and the Conifora3 do not 
■more than equal the Dicotyledons. The genus Credneria, supposed 
to belong to the last class, is very charactcnstic of the Chalk forma- 
tion. The Ferns and Equisctaceac almost disappear. 

3. Floras of the Tertlarij Bustem. 

063. T]ic floras of this system form a more or less connected 
whole, which is continued in the later strata into existing vegeta- 
tion. They are especially distinguished from tliosc of older e])Ochs 
by the abundance of Angiospermous PbancTogamia, Dicotyledons, 
and Monocotyledons — above all, Palmacca). Jhit a sort of transition 
takes place from the (Vetaccous period to the Eocene. In this 
system, however, the proportion of Gymnosperms rapidly decreases/ 
and th() Cycadaceao disappear from Europe, while tlu) Conifers ap- 
proach the character of the existing gimera of temi)cratc regions. 

A. Eocene Flora. 

964* The distinctive characteristics, as compared with other 
epochs, are the presence, though rare, of Palmaccuc, the comparative 
abundance of Algae and marine Monocotyledons (CaaVmHes^ Zoste^ 
rites^ &c.), and the existence in Europe of numerous now exotic 
forms, especially represented by the fossil fniits of the Isle of 
8hoppcy, the Barton Bed in the Isle of Wight, &c. Though less 
rich than the Miocene, these formations include a large number of 
species of an Australian or Indo- Asiatic ’tyx>e. Leguminosm of the 
suborder Caesalpiniem oqcur. 

B. Miocene Flora. 

965. A very rich flora. !No less than 900 species (?) have been 
detected in one locality in Switzerland by Heer. The Australo- 
Indian forms give place to jdants of an American type, resembling 
the existing vegetation of the United States, Mexico, and Japan. 
One of the most striking features is the abundance of Polmaceae, 
together with Monopetalous Dicotyledons, especially a supposed llu- 
biaceouB genus, Sleinhauera. The list'Of fossils contains also a Bam-- 
huscfj Lauraceae, Combretacc®, liCguminoscc, Apocynacea), belonging 
to ' vaym climates, with, many Amentaceous trees, Aceracem, Pro- 
teacose, and other plants now’ belonging to temperate regions. Nu- 
merous vegetsEble remains dccur in beds of this formation at Bovey 
^Elracey, Devonshire, and in the Islei of Wight. 



FOSSIL FLORAS. 


75 


C. Plelocene Flora. 

inD JJicotylodoiis predominate, and arc most varied, as in 
existing vegetation; the Monocotyledons are rare; and tho Palmaccm 
of the pn^cediiig epochs arc wanting. The gcmeral analogy of the 
flf)ra is with those of the temperate regions of Europe, North A me ■ 
rica, and Japan at the prt*sent day. According to^ the determina- 
tions made by palieontologisfs, many existing genera are repre- 
s(mt(Hl, such as Tn.roifhiin, Salishuria, Cyperaccaj, Gompionia, Thy- 
melaccui, Santalaceie, Lhptkhtmharj Nymt, llohinl(i, Gleditachiff, Bau- 
Idmia^ Cftssiff, Aama, Jlhns, Jttyfnm, Ve(fuot1ius^ CeJastrusi, Snpindus^ 
Lh'Unlemlron^ Cappana, Sitk ro.n/hn, Achraa, Symplocos, (Joniaccac, 
Myrtaceao, roinaceie, Tiliiiccir, Magnoliacem, tfec. This list includes 
esj)eci!illy modern North-Americaii genera, which existed at that 
time in Europe (§ 1)54). Quennis Acer &c. api)CQred then as now. 

D. Pleistocene Deposits. 

9(57. The glacial drift and the diluvial deposits bclongijig to this 
group afford hardly any recognizahh^ vegetable remains, beyond 
fragments of fossil wood of (Joniferm, met with occasionally in con- 
nexion with the bones of extinct Mammalia, and in a few lignite 
beds. 

The flora of the glacial i)eriod still exists in Alpine districi®. 

4. Floras of Early Formatlom of tlie Present Geoloyical Period, 

908. The formations referable to this group consist cfiiofly of 
freshwater calcareous dojKhsits (tula), the older peat-bogs, and forests 
now buried or submerged beneath the sea. 

909. The remains existing in calcareous tufa have not yet been 
well investigated, partly because the beds arc not greatly developed 
in most countries, and partly because they usually contain only casts, 
of vegetable structure, produced through incnistation. As far as ‘ 
wo know, the plants arc similar to those of the existing floras of the 
regions, wuth a few exceptions. 

970. The old ])eat-bogs, especially of Northern Europe, often 
contain vast quantities of recognizable vegetable remains, belonging 
to species no longer growing in the; same spots, but found further 
south, as remains of Ooryhts, Phiiis Picea, &c. in the Shetland 
Islands, of Oaks, Maples, linics. Ash, &c. in Sweden, beyond the 
present limits of those plants. 

971. Eemains of forests formed of stiU existing speciei^ occur in 
many parts of Europe, enclosed in diluvial Ibeds. The city of Eroslau 
stands on the site of an ancient forest, whence the trunks oiQuerms 
pedunculata arc dug out; the^Bamc is the case with the city*i 2 f 
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‘Bamberg, where the trunks of trees of great ^ametcr have been 
found in excavations for railways &c. Similar trunks of Oak are 
occasionally dug out of the diluvial beds in England^ as* in thcuiiper 
part of the valley of the Medway. 

. 972. Submarine forests arc known to exist off many points of 
the British coast and tlie west coast of Eranoe ; wood obtained from 
a large submerged bed off the coast of Pembrokeshire is foimd to 
consist of Oak and Alder, and the wood of Piiivs fi/lmtris; tho 
Oak, Elm, Hazel, "Walnut, <fec. are found in the British Channel. 

These facts, together wth the analogous but more complete evi- 
dence derived from animal rtunains, show a gradual transition from 
the Tertiary to the present geological epoch. 
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BOTANIC AL NAMES OF CLASS KS, ORDERS, AND GENERA, AND THE VERNA- 
CULAR NAMES (»r SPECIES. RIIFRRRED TO IN PART 11. OP THIS WORK. 


Aheh, m 
Abies, I'ovrnof. 404. 
Adtkttnk-3?, 404. 
Adodrkji-:, il80. 
Abi'oma, Javq, 225. 
Abms, Z. 258. 

Acada, WiUd. 250. 
Aealy])lia, Z. fS47. 
Acanthaceje, 320. 
Aeaiithodium, 7W. 320. 
Acaritliua, Z. 320. 

Act‘r, Z. 2»*U. 

AciatA, 211. 
»Ackrack^ 3, 234. 
Achilleji, Keck. 208. 
Achimones, P. lir. 331. 
Achlya, Kvci^^ 4.37. 
Aehyraiitht'a, Z. 338. 
Acoiiitiim, Timrnvf. 108. 
Acorus, Z. 370. 
Acrampiiibrya, 103. 
Acrobrya, 102. 
Acrocibisma, lIoQh.Jil. 
423. 

Acroobns, 103. 
Acrostichum, Z. 416. 
Actaea, Z. 108. 
Actinocarpiis, 72. 7?r. 
303. 

Adansonia, Z. 224. 
Ad(!nanthera, Z. 250. 
Adhatoda, Nees, 320. 
Adiantum, Z. 410. 
Adonis, 108. 
Adoxa,Z.200. 
.^chmca, JR. P. 301. 


yEcidium, Gmel. 452. 
jKcji(?kracejs, .311, 
Corr. 230. 

y|^go])odium, Z. 288. 
Adritlea, Tstmr. .^582. 
Aeropityta, 441 . 
ylCscImituitlius, Jackj 
33i: 

yEscnlua, Z. 2.*lJl. 
."KtlHisa, Z. 288. 
Afncan Hemp^ 377. 
-iVfrapaBthus, Ileiit. 
375. 

Ar vine AC K^, 448, 
AgabtciAa?, 440. 
Apfaricnis, Z. 440. 
A<ratli(»tos, Don, 310. 
Ajyave, Z. ^588. 
Apfi’Qstia, Z. 307. 
Ailaiithiis, 247, 
Aizoon, L. 275. 

Ajiifra, Z. 327. 

.4/.:/, 205. 

Alangiace.®, 208, 
Alaiigiuin, Z. 2CJ8. 
Alohemilla, Toimwf. 
202 . 

350. 

Aldrovanda, 218. 
Aleti'is, Z. 380. 
Alt*urit«^ Zbr#2. 372, 
Afc.vmtdet'gj 280. 

Algas, 428. 

Alifareha, 258. 

Aliama, *7f«s. 393. 
Altsmace.®, 393. • 


Altsmeas, 303. 
Alkanet^ 325. 
Allaniauda, L. 31 7. 
Allium, Z. 375. 
Allosorua, Bernh. 410. 
Alhpice^ 2(54. 

Almmifl^ 203. 

Alima, Z. 355. 

Aloe, Tourmf. 376. 
Ahes^ 37(5. 

AIoeH’-witod^ 259, .345. 
Alopecurus, Z. 307. 
Al])inia, Z. 385. 

Alsine, Wahh}^. 222. 
Ai.sinka-3, 222. 
Alaodoia, Thomtrft, 219, 
Alsopliila, P. Zr. 410. 
ALstrauiieria, Z. 388. 
ALSTlWEMEUrEiE, .‘588. 

Allliroa, Z. 224. 

. Altingieas, 286. 
Ahni’-rootj 242. 
Alyssum, Z. 214. 
AniadoUf 451. 
Amarantaceje, 338. 
Amaraufhs, 3.38. 
Amaraiitus, Z. 338. 
Amabylleaij, .388. 
•Amarylltdacea:, 388. 
AmartfUids, 388. • 

AniaTyllis, Z. ;188. 
Ambroainia, Z. .371. 
Anurican Alm^ .389* 
Amlierstia, Tro//,235. 
Aiiimannia, Houst. 271, 
Ammi, Bcwnief. 288. 
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Amnwniacumy 289. 
Amonium, Z. .‘Wo. 
Amptitukya, 10.3. 
Amygdaleje, 2(5 1 . 
Amyiiidace-®, 260. 
Aniyris, Z. 26.3. 
ANACJAllDTArEJE, 2.’l2. 
Anacycliis, Pers. 208. 
Anagallis, 310. 

Anamirta^ CtM. *203. 
Ananassa^ Limll .‘>01. 
Anandria^ Sief/tisb. 209. 
Anchusft, Z. 325. 
Andrffja, Ehr, *123. 
Andrasacka;:, 423. 
Andronioda, Z. 304. 
Andropogon, Z. 807. 
Aneiiioiie, HalW, 198. 
Ankmonea 3, 108. 
Angelica, Iloffm, 288, 
Anpdica, 280. 
Angioptoris,Zro^w.41 7. 
AxGIOS PERMIA , 1 0.5. 
Anoiosporab, 410. 
Amjo'dHra hark^ 240. 
Angiuia, Z. 280. 
Animb^ 250. 

Anisc^ 280. 

AnnaUoy 217. 

Ainma, Z. 202. 
AxONACEiB, 202. 
Aiitennaria, Corda^ 453. 
ANTENNAnTEA5, 46.3. 
Anthemis, DC, 298. 
Anthistiria, .‘> 00 . 
A.NTnOCEROTEA5, 424. 
Anthoxantlnini,Z. 307. 
Antidesma, Z. .352. 
Antirrhinum, Z. 3.3.3. 
Apciba, Z. 227. 
Apiacjeje, 280. 

Apium, Hoffm, 288. 
Apocynaceas, 310. 



Aponogeton, Tkutib, 
394. 

Afostastaceas, 384. 
Ap^h^ 203. 

Apricotf 263. 
A.QUIPOLIACE*iB, 313. 


Aquilaria, Ltmi, .345. 
Aqvii.ariaoeas, .34^). 
Aquilcgia, Ttmnuf, 198. 
Arabis, Z. 141. 

A race A3, 370. 

Aracliis, Z. 265, 

Aralia, Z. 290. 
Aiiat.ia('KAS, 2iX). 
Araucaria, dma, 404. 
Arhor-ritfP^ 400. 

Arhro du Voyaffom'y 388. 
Arbutus, Tournvf. .‘104. 
Archangelica, Iloffm, 
288. 

Arctium, Lam. 2i)8. 
Arctostaphylos, Adam. 
.‘104. 

Areca, Z. 30.5. 
Aivnaria, Z. 222. 
Argemone, Tow'ncf,20S, 
.^Vnstolochia, Toimief, 

A RTSTODOrinACE A3, 

3(52. 

Arnica, L, 298. 
mAroideje, 370. 
Arracacha, 241 . 
Arroto-rmty 380, 400. 
Atroio-rooty PoHland. 
371, 385. 

Artantho, Miq. .3.58. 
Artemisia, Z. 208. 
Artichohe, 300. 
Artocarpaceas, 351, 
Artocarpus, Z. 351. 
Arum, Z. 370. 

Arundo, Z. 400. 
Asafwtid^y 280. 
Asagrtea, LtmU. 378. 
Asanim, Toumef. .302. 
AS(JLEPTADACEiB, 317. 
Asclepias, Z. 318. 

Ashy 306. 

Asparagus, Z. 375. 
Asparaym, 377. 
Aspergillus, Mich, 463. 
Aspenila, Z. 294. 
Asphodelus, Z. 375. 
Aspidium, Swartz^ 416. 
Aspleninm, Z. 416. 
Asmtn Ttay 230. 


Aster, EecSy 208. 

AfStCTy .301. 
Asteraceas, 297. 
Asteraiiriios, Desf. 200. 
Astragalus, L, 255. 
Astrantia, Tmmicf. 287. 
Astroloma, It Br. .‘105. 
A TmmOSPERM ACK-E, 
.‘14L 

Atiiplex, Z. 3.39. 
Atropa, Z. .‘123. 
Atropacea*:, 32.3. 
Attfdea, IL B. K. .‘ICjS. 
Attar of Homs, 2ti.3, 
Aahcrfjincy . 324 . 
.\uhrietia, Adans, 214. 
Aucuba, Thmd). 201. 
Al^RANTIACEAi, 2.39. 
Auricula y .‘>1 0. 
AURTCrLARIKAS, 4.50,. 
AustraUan Tea, 240, 
205. 

Australian CarranU, 
205. 

Autumn CrocttSy 378. 
Ava, .358. 

Av(;na, Z. .307. 
Avorrhoa, Z. 241. 
Aviceiinia, Z. 328, 
Avmado Pear, 341. 
Axogamia, 420. 
Ayttr-AyeVy 2.38. 
Azalea, Z. 304. 

Azolla, 411. 

Bfcckia, Z. 204. 

BajreVy 309. 
Jialnnophora, Farst. 
.3(50. 

Balanophoraceas, 

300. 

Ballota, Z. 327. 

Balmy 328. 

Balm of Gihady 254. 
Balm of Meccay 254. 
Balbaminace^, 243. 
Balsamodendron, 
Ktmthy 263. 

Balaam of Cojjaibay 269. 
Bdlaam^of ‘Gilead Fir^ 
405. 
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Baham of Pem, 269. 
Balmm of Tdu^ 269.* 
Balmms^ 243, 263. 
BmnhoOf 400. • 
lininbusa, Z. 397. 
Bamirntf 387. 
Baiiistma, X. 237. 
Baiiltsia, L.Jil. 340. 
Bftohahj 225. 
Barbacenia, VamMfi, 
389. 

BarhafJiWH Cherrj/, 237. 
Bftrhadooff GooHelmry, 
284. 

Bat% Jpfnnt»\ 295. 
Barh'ria, /.. 329. 
Bftrlef/, 3?H). 
Baniadozia, L.fl 299. 
Harosiiia, Wilfd 245. 

J UintlNGTONIACEiE:, 

205. 

l^artonia, Shm, 283. 
Ikrtramia, Ilvdw, 421, 
Bartsia, Z. 333. 
Bar-wood^ 269. 
Basella, Z. 339. 
JUSELLAOKJE, 339. 
Ba^il, 328. 

Bassia, Kon, 311. 

Bmt, 228. 

T^itatas, Cims, 320. 
Batia, P. 7/r. 340. 
Bay-tree, 341. 
BdeUivm, 264. 
Bean-capers, 245. 
Beans, 267. 

Beamne h cochm, 254. 
Beech, 366. 

Beef-irood trees, 357. 
Beet, a39. 

Befronia, Z. 282. 

Be(j on 1 A ri: jc, 281 . 
BeU-fltnoers, 302. 
Beilis, Z. 298. 

BELVISlACKiE, 200. 
Bengal Hanp, 258. 
Ben-fwis, 2(i0. 
Benthamia, Z««7/.291. 
Benzoin, 208, 313. 
Bcmzoiii, Nees, 303. 
BEimEIlIDACE.13, 204. 


Berberis, Z. 206. 
Bet'herry, 205. 

Bore, 

Bergamot Orange, 239. 
Ber^era, Keen, 239. 
Bernfia, Z. 2:>3. 

Beta, Tom'nef. 339. 
Betel-nvts, 358. 

BeUmy, 328. 

Betiila, Z. 356. 
Bi'yrrLAOK.^u, 355. 
Bdnri, 340. 

BiMeria. Z. 298. * 

Big, 3J)9. 

Biononales, 330. 
Bijmoiiia, Z. 330. 
Bignoniacejb, 330. 
Bihh, 199. 

Bilberry, 327. 
Billardiora, SmUh, 248. 
Billbevgia, Thunh, 391. 
Bindweed, 320. 
Bindweeds, .‘1441, 

Binh, .350. 

Bird-lime, 313. 
Bhih-irort, .302. 
Bitter-s^veii, 324. 
Bitter-wood, 247. 

Biya, Z. 217. 

BiXAC’Kift, 217. 
Blacliherrtf, 203. 

] {Lio.kwellia, Commers. 
282. 

Bhdder-mtt^ 234. 
Bladder-senna, 257. 
Bladder-wracks 4.*15, . 
Blasia, Mich, 424, 
Bloch iium, Z. 416. 
Blight, 45.3. 

BUmhing, 241. 

Blituin, Z. .339. 
Blood-root, 210, 389. 
Blumeubacbio, Schrad, 
283. 

Bocajyea, i^, Hilaire, 

202 . 

B(X?conia, Z. 208. 
Boehiueria, Jacq, .360, 
Bosiimebie^, 350. . 

Boorbaavia, Z. 337. 
Bog-mosses, ^2, • 


Bog-myrtk, 366. 

Bois de Colophane, 254. 
Boldoa, Jass, 203. 
Bololiis, im, 449. 
BoMDACEiE, 224. 
Bombax, Z. 224. , 
BoN.NKTTliE, 229. 
Boopi-i, Jass. 297. 
Borage, .325. 
•Boi«aginace-e, .326. 
Borai^o, Totirnef 325. 
Borasaus, Z. 3(i5. 
Bordeaux Turpentine, 
400. 

Boronia, Smith, 245. 
Boswellia, Jtoxh. 253. 
Botany-Bay Gum, 377. 
Boti’vcbium, SwaHz, 
417. 

Botrvdina, Breh, 437. 
Botrydium, Wallr. 437. 
BOTIIYTACEJE, 45.3. 
Botrytia, Mich. 463. 
Bottle-hrtish plants, 2(»6. 
Bouvardia, Salish. 294. 
Bovista, Dill. 449. ^ 
Bowstring Ilemf, 377. 
Boxwood, .349. 

BraseTiia, Z. 207. 
Bjmaica, Z. 214. 
Bray(‘ra, Kuntir, 203. 
Brazil-nut, 205. 
Brazil-wood, 259. 
Bread-fruit, 351. 
Brocoli, 215. , 

Broiiiolia, Z. 301. 
Bromeliace^, 391. 
Bromiis, Z. 397. 
Broom-llapes, 332. 
Bmcoa, Milter, 247. 
Brujyiiiera, Lam. 267. 
Briinia, Z. 280. 
Buuniace.!!, 28(5. 
Brunoniack;e, JK)2. 
Bryacejb, 420. 
Bryonia, Z. 280. 
Bryony, hlaedc, 373. 
Brymy, ichite, 281.. 
Brvopiivllum, Salidil 
274. ■' 

Biyopsis*, Lamx. 437. 
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Bryiira, Z. •421. 

Biicida, L, 208. . 
Bmlivye, 234. 
Bucklandia, R. Br. 280. 
HficJi'thorn, 251. 
BHckthorHy Sva^ 345. 
Bwiku^ 240. 
liiwk wheats 337. * 
Bttfflositf 325. 
Buibocodium, L. 378. 
Bttlrmh, 3<}4). 
Bupleuruin, Tomniof. 
288, 

Burdock^ 300. 
Bvrgtimhf Pitvh^ 40(). 
Bui'imanmack.e, 384. 
Biirsera, Jaoq. 253. 
BrESEIlA('K.E, 253. 
Butchiit 'h Bronmy 377. 
BuTo^rE^:, 303. 
Butomiis, Timmef, 303. 
Buttorcupj 100. 
Bidter-nuty 354. 
Butter'^tree.y 331. 
Buttor-worffi, 335. 
BrxACE/E, 340. 

Buxuri,* Tournef. 340. 
Byrsoniiiia, Itivh, 237. 
Byttnoria, Lcrffl. 225. 
BYTTNEIirACEiK, 225. 

Cabbage , 215. 
Cahlmge-palm^ 3f>8. 
Cadombaceje, 207. 
Cgbomba, L, 207. 

Citeao beamy 225. 
Oactace-e, 283. 
Oadaba, Fcnrsk. 215. 
Ofesalpinia, L. 255. 
Cjbsalpinie-®, 255. 
Caffer-hrendy 4i[)0. 
Cahinca rooty 205. 
QajemiA^mly 204. 

Cakile, Tournef, 214, 
Calabar beany 258. 
Calubmh Nutmcgy 202. 
Calabwih-treey 331. 
Caladium, Vent, 370. 
Cdhmnnder^fjDoody 312. 
Calamus, L. 305. 
Calceolaria^ FtmU, 333. 


Calendula, Kinik, 208. 
Calla, L, 370. 
Callithamuion, Lxfngb, 
433. 

Calutiuciiaceji*:, 350, 
Callitriche, L, 350. 
Calophyllum, L, 231. 
Calotlirix^ Agh, 430. 
('^oloti'opis, ii, Br, 318. 
Oailtlia, L, 198. 
Calmnha-rooiy 203. 
CAIA'CANTHACEiK, 203. 
Calycanthus, JAndl. 203. 
Calycera, Cao, 207. 
rAL.YCKIlACEil':, 207. 
CalyoiploiivE, 250. 
Cailytrix, Labill, 20»(>, 
Canibofria, L, 231. 
Camellia, L, 229. 
CameUiay 220. 
Camelltack-e, 220. 
Camel-thorny 257. 
Camomiicy 3(X). 
Campanula, L, 302i 
Campanula(::k.e, 302. 
Camphory *‘140. 

Camphor, Smmtrany 
220 . 

Campliora, Neesy 340 
Cam-7coody 250. 
Canada-bakaniy 400. 
Cnnada-rivcy 31H). 
Cauarium, L. 253. 
Canary Creeper y 2'44. 
Ctmnry-fteedy 300, 
Cafidle-tree, a31. 
Candollea, LtMl, 200. 
Canellaceje, 314. 
CaneSy 308. 

Canna, Z, 386. 

Can nabineje, 3o 1 . 
Cannabis, Tournef, 351. 
Canuon-baU-treey 205. 
Canterbury-hellHy 303. 
Contua, Ju88, 310. 
CaoidchmWy 302, 317, 
319, 351. 

Camlchouc-boiUcy 348. 
Caper, 216. 

CAppauidacb-®, 216. 
Cap^aris, L, 215. 


•CAPUIPOLIACKiE, 202. 
Ci^rifolium, Tournef 

Capseila,»Fe??A 214. • 
Capsicum, Tournef, 323. 
Caramboley 241. 

Varana resitiy 254. 
Carapa, Auhl, 238. 
Caraxeayy 280. 
Cardanmm, 385, 
Cardiosperinum,X. 233. 
Cardoon, 300. 

Carduiis, Gcertn, 208. 
Carex, Mich. 401. 
(Jarica, L, 277. 

(^irissa, L. 317. 
Carlina, Tournef, 208, 
Carlndovifa, R. »S* P. 
300. 

Cnrnationy 223. 

Carobuy 268. 

Carolina Pinky 316. 
Carpinus, L. 354. 
CarrageeUy 434, 

Cam!t, 280. 
(^nrtliamus, Tournef, 
300. 

('Jarum, Kochy 288. 

Carya, Nutt, .‘153. 
Caryocar, L, 220. 

C A KYOPHYLLACEiB, 

221 . 

Caryota, L, 305. 
Cascarilla-hark, 340. 
Casearia, Jaeq, 270. 
Cash*u}-nuty 252. 
ConHomy 340. 

Cassia, L, 265. 
CanHia-barky 340. 
Cassytba, L, 340. 
Caslanea, Gofrtn, 354. 
CoHtor-oily 340. 
Casuarina, L, 367. 
CASUAEINACEiE, 367. 
Catalpa, Sintp, 3**10. 
CataHctum, Rich, 382. 
CatechUy 250, 295. 
Catha, Ftmh, 250. 
Cathartocarpus, Pers, 
266. 

Cattleya, Lindl, 382. 
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Caucalis, X. 288. 
Cauliflower, 215. 
CauUuia, WUld, 304. 
Oaulophyllum', Miclix, 
205. 

Cayenne-pepper, 324. 
Ceaiiothus, L, 251. 
Cedar of Lebanon, 405. 
Cedar-wood, 254. 
Cedrat, 240. 

Cedivla, L. 238. 
CEDKELACKiE, 238. 
Cedron, 247. 
►Celastuacka?, 250. 
(\dastrus, Kwdh, 250. 
Celery, 280. 

Celosia, Z. 338. 
Celte-e, 353. 

Cultis, Toumef, 353. 
^Cenau^ium, Fr, 452. 
Ceiitaurua, Z#^v«. 208, 
Ccntradema, Don, 2l)0. 
CtJiitraiitlius, DC\ 2i)ri. 
Oeotrolepis, LabilL 401 . 
Cepliaelis, ISw. 204. 
Ccipliiilantluis, Z. 204. 
CeplialotaNUS, 'Auxc, 
40G. 

CEKAMlEiE, 4:13. 
Ceraiiiiuiii^ Adam, 433. 
Cer&stiuiii, Z. 222. 
Cerasua, Jim. 20*3. 
Ooratonia, Z. 255. 

Oe II a TOPHYLL ACE.E, 

350. 

Ceratopliyllum, Z. 359. 
Ceratopteria, Bronyn. 
417. 

Curatosicyos, Kees, 277. 
Cerbera, L. 317. 

Ceretd yrairnt, 3tH). 
Cereus, llaiv. 283. 
Ceroxylou, //, B. 

365. 

Ceterocli, Adam. 416. 
Cetraria, Ach. 44. 
CemdUla, 378. 
Chailletia, DC. 261. 
CllAILLETIACE.®, 251. 
Chama)doroa, Widd. 

366. 


OnAMiELAUClACEiK, 

265. 

ChauwErops, Z. 365. 
Chara^ Z. 426. 
ClTAllACEAi, 420. 
Cliavica, Miq. 358. 
(yhoirauthera, Cun- 
ninyh. 248. 
Cli«*iiiinthus, B. Br. 
214. 

ClH‘irosteinon, Z. 220. 
Clioliduiiium, Tuurmf. 
208. 

Che xoi'Odiace 338. 
(Mieuopodiuiu, 
Cherimoiyu 202. 

Chernf. 26t3. 

Cherry, Cornelian, 201. 
Cherry-laurel, 263. 
Chervil, 280. 

Chvdmd, :>70. 

Chibou re,sin, 254, 
Chicory, :»01. 

( 3ii«napl)ila, 304. 
Obiiiionauthiis, Lindl. 
26:1. 

(Jhina Aster, 301. 
ChiiM-root, 374. 

( HiioiiuiitLus, Z. 300. 
Chire, :J77. 

( ^ 1 1 L .EN AC EiE, 220. 
C3ilora, Z. 310. 

(’IILOIIANTII AOEAS, :i57, 

Clilorautlius, Bwartz, 

ilnr. 

('hloris, Sir. .307. 
Ciiloroxyloii, DC. 2:18. 
Chocolate, 225. 
Cboiidrns, Oreo. 433. 
Clioida, Stachh. 430. 
Choimeiiia, Labill. 256. 
CljrvHauthemimi^ DC. 
208. 

Chrysanthemum, 301 . 

C I li V SOBAL AXEAR, 200. 
Clirvagbalauus, Z. 261. 
Chrvsopbvlluin, Z. 311. 
Chj^ocWia, Grev. 433. 
C by mocarpUH, Don, 2^. 
Ohytridium; Al.Br:^l. 
Oicer, 267. 


Cicborium, Tournef. 

* 200. 

Cicuta, Z. 287. 
Ciuclioiia, Z. 204. 
Cinchona, 205. 

Cinch ox EJK, 204. 
Cinerarias, .301 . 
Ciuiiaiiiuniuiii, Burnt. 
340: 

( innamon, 340. 

C’irc.iEa, Tournef. 200. 
Ci8saiiip(3b)s, li. 203. 
CissuH, Z. 240. 
CrSTACE-E, 217. 

Cistus, Tournef. 217. 
Citron, 230. 

Citrosma, It. 4* P. 203. 
Citrullus, Keck. 280. 
Citrus, Z. 2.30. 
Cladiuiu, It. Br. 401. 
Cladoiiia, Hoffm. 441. 
Cladusporium, Lh. 45;i, 
Clarkia, Pursh, 260. 
ClallirocjysiiH, Jlenf. 
437. 

Olatbriis, Alieh. 440. 
Clavaria, Z. 450. 
C^lavakiea:, 450. 

(.3 ay Ionia, Z. 275. 
Vleariuy-uut , .3 1 5. 

ClE M ATIDK a:, . 11 )S. 
Clematis, L. 198. . 
Cloomo, DC. 215. 
Cleome^e, 215. 
(ylerodoudroii, Z. 328. 
Closterium ,.A7<»?c7/ ,-l4 0. 
Clore-nutmeys, 340. 
Clover, 257. 

Vlovi s, 264. 
Chib-Mosses, 412: 
Glusia, Z. 231 . 
Clubiace-e, 230. 
Cluster-pine, 405. 
Cluytia, Ait. 347. 
Cnieus, Vaill. 298. 
Cuboca, Cav. 310. 

Coca, 237. . 

Coccoloba, Jacq. *^36. 
Cocculus, DC.f^^ 
Coccudus indicm^2Q^. 
CoMuial, 284. 
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Coclilearia, Z. 214. 
C(}ch'»-comhf o38. 

Cocoaj 225. 

Cocoa-niUj 30(), 3G7. 
C(woa~ntft mij 3118. 
Cucoa-phim, 202 . 

Cocoes^ 371. 

Cocos, Z. 305. 

Codium, Stach'h. 437. 
C(]oloLog;\'ne,Z ISnu 347. 
Coffea, Z. 204. 
Coffe;e, 204. 

Coffecy 205. 

Coir, 3(58. 

Coix, Z. 307. 

Cola, motl. 220. 
Colcliicuiu, Tourmf, 
378. 

Coluhivmn^ 377. 
Coleochiote, lireh. 437. 
Collema, Ach, 441. 
Collomia, NttU. 319. 
Colocasia, 370. 
Cofoat/nih, 281. 

ColUfooi, 3(X). 
CoimubiNCf liX). 
(■‘OLrMr.LLIACKAEi!, 307. 
CoMBllKTACK-E, 207. 
COMDTIETK^E, 208. 
Coinbrotiiin, Zo*^. 208. 
Coiiimelyna, IHU, 370. 
CoMMELYNACEJE, 379. 
Compos iTiE, 297. 
CoDiptonia, liankSf 355. 
CoNFEBVJE, 438. 
CoNFKKVOlDE.*}, 430. 
C<.)nium, Z. 287. 
'Conjugate, 430. 
Connahack®, 253. 
Convallaria, lierf, 375. 
CoNV'^OLVULACEJE, 320. 
Convolvulus, Z. .320. 
Cqplda, Sanner. 239. 
Copaihaij 259. 

Copaifera, Z. 255. 
Ci^k, 259. 

Copalj Indian^ 220. 
Copeinicia, Mart, 391. 
Copro^a^ Forst. 294, 
368. 

Corallinaj Tourmf. 433. 


COBALLINEiE, .433. 
CoraUiuos, 434. * 
Corclioriis, Z. 227. 
Coixlia, Fhtm. 324. 
(^mjuACEJE, 324. 
Covdyc!t‘ps, TvL 452. 
Coriandvr, 280. 
(^Joriandi-uiu, Z. 288. 
Coriaria, 248. 
(■’OUIATllKJE, 248. 
Cork~Oa1iy 3.55. 
CoilMOrilA'TA, 192. 
CoitXACEAiJ, 291. 
Coriius, Tonmif, 201. 
CoitOLLlFliOW.®, 292. 
Correa, Umithj 245. 
Cori’if»:iola, Z. 275. 
Citrsirait Afoss, 434. 
Corydalis, DC, 211. 
Coryliis, Z. (554. 
Cosmaiiuiii, Memtjlu 
440. 

Costus, Z. 385. 

CoHimy .3(X). 

Cot( on- ff rafts, 402, 
(Mon-plaids, 225. 
Cotyleuon, DC, 274. 
Com;h -fjrafss, 4(X). 
Cowhfufe, 2o8. 

Cowrie Fine, 406. 
Chtvslip, 31(). 
Cotv-jflant, 319. 
Cow-tree., 351, 370. 
Cmnibc, Tuumef, 214. 
Cranberry, 305. 
Crane's-bills, 241. 
(IJrassula, Jlaw, 274, 
CUASSULACEiE, 273. 
CRASStJLEiE, 274. 
Crataegus, Z. 202. 
Craticva, Z. 210. 
Cremate-plmd, 245, 
CllEMpSPEUMEJE, 280. 
Crepis, Z. 299. 
Crescentia, Z. 331. 
Cresgentiacej(, 331. 
Cress, 215. 

Critlimum, Toumef, 
^88. 

Crocus, Toumef, 390, 
Cross-fiowers, ^12, 


Croton, Z. 347. 
Croton-oil, 340. 
Crowhcrry, 340. 
Cr(ywfoot,”Wd. 

Crown Imperial, 377. 
CltUClFERJB, 212. 
CUYPTOCJAATIA, 410. 
Cryplomeria, Don, 404. 
CllYPTOXEMlEiB, 433. 
(.■u1)eba, Miq, 358. 
Ciihehs, 358. 
encumber, 281. 
Cucumis, Z. 280. 
Cucuibita, Z. 280. 
CrcJUuniTACKiB, 270. 
Cudbear, 443. 
tbiiiiiijuni, Z. 288, 
Cnmniin, 280. 
Cumiiugbauiia, 11, Dr. 
404. 

Cunonia, Z. 272. 
CuNoxiEJf:, 272. 
Chipania, Z. 233. 
Cupliea, Jacq. 271. 
CUPIIESSINEJK, 404. 
Cu])ressu8, Tournef, 

■CrprLiFEiiiE, 354. 
Cnrat;oa, 240. 
Curculigo, Ocerin, 380. 
Cur raid ((/rape), 249. 
Cnrranls, 285, 205. 
CiiHcuta, Toumef, 320. 
Cnstard-a/vple, 202. 
Cyatbea, Smith, 410. 
Cyathek®, 410. . 
Cyathus, Hall. 449. 
CVCADACE^, 408. 
Cycas, Z. 409. 
Cyclamen, Tournef, 310. 
Cyclantheje, 309. 
Cyidanthus, PoU., 309. 
Cyynanchum, Z. 318. 
Cynodon, Dioh, 399. 
Cvnomorium, Michel, 
"SOO. 

Cynosurus, Z. 309. 
Cyfrbace.®, 401. 
CyperuB, Z. 401. 
CypheUa, Fries, 450. 
Cypress, 406. 
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Ct/preHs( decidtmt*),40Q. 
Oypripwdiiim, Z. SS2. ^ 
CYHll.l.ACEih:, ol4. 

Cyriaiidra, J'hfvt 331. 
CvUTANDllKAi, 33l. 
Cystoptei*i8,Zfjr/*A. 410. 
C\"st()seira, Af//i. 43o. 
CYTlNACr.iW, 3(i0. 
Cyiiiius, Z. i3(51. 

Dacrvdium, So/. 400. 
Daffodil, 388. 
DahJi-trcfS, 2-58. 
Dahlia, Car. 208. 
Dahlia, 301. 

JJaisp, 200. 

Dalbiir^ia, Z. 255. 
Daiinuarti, Humph. 405. 
Dammar Piw, 400. 
Damuutr Pitch, 220. 
Damsim, 202. 

Daiuua, J. Sm. 417. 
Daudc/iofit 301. 
Daphne, Z. 344. 

DaI^II NiniYLLACEAjJ, 
310ij 

Darlin^toiiia, Torr. 207. 
Danwl, 400. 

Darwinia, liudffc, 206. 
Date, ;107, 308. 
Date-plum, 312. 
Datisca, Z. 282. 
DATISCACEiE, 282. 
Datura, Z. 323. 

Daucus, Z. 288. 
Decuhum^s Cypress, *400. 
Delesseria, Jsumx. 4i{3. 
1 ).K 1 .ESSE KiE^as, 433. 
Delinia, Z. 200. 
Delphinium, Toumef. 
VdS.ii 

DeM ATIK jb,» 453. 
Deinatium, P. 463. 
Deiidrohium, Swz. 382. 
Deudi-omecon, 209. 
Deodar, 406. 
Desmare8tia,Zaww:.430. 
DESMlDIEiK, 440. 
Desmidium, Agh, 440. 
Desvauxiacbas, 401. . 
Deutzia, Thmib. 272. 


Dhoona pvlch, 220. 
Diauiorpha, Nutt. 274. 
I )l AMO lllMIEiE, 274 
Diaulhus, Z. 222. 
DlArENSIACK.E, 310. 
Diatoma, DC. 440. 
Diatomaceje, 430. 
Diatomk-e, 440. 
Ihceutra, Itorkh. 211. 
DiCOTYLlfiDONES, l05. 
Dieiaiium, Jledw. 421. 
Diclamniis, Z. 246. 

1 )i CTYOOENS, 193., 

] )icty opteris,Zawu‘.4i >4. 
Dictv oaiphoii, 6rm*.430. 
Dictvota, hauLV. 434. 
Di(^tyotace<?e, 434. 
Dii'ilenbachia, Schott. 
370. 

Dielytra, 211. 

Di(irvilla, Tournef. 292. 
Di^itidis, Z. »*133. 

Dill, 280. 

Dillopia, Z. 200. 
DlLLENlACEiK, 200. 
Dion, LimU. 400. 
Diooiea, EHis, 218. 
Difjseoroa, Z. 373. 
•DloSCOllEACEiE, 372. 
Diosiiia, Z. 245. * 
Diovspyros, Z. 312. 

1 liphaca, Lour. 200. 
Dipladeiiia, DC. 317. 
Diplgpliractum, 227. 
DlDLOZVtSIiK, 288, 
Dij’Saceje, 200. 
Dipsax'ua, Tourtuf. 290. 
1) I in’E « AC V.JE, 2’j8. 
Dipterocarpus, Gaertn. 
228. 

Dischidia, It. Dr. 319. 
Dittany of Crete, 328. 
Dioi-dici, 269. 

Docks, 337. 

Dodders, 321. 
Dodonejb, 233. 
Dog-banes, 310. 
Dog's-tooth, 377. 
Dog-mfdet, 220. 
Dogwood, 291. 
Doiubeya, Cav. 226f 


Doreina, Doiv, 288. 
Ifoum Palm, 308. 
Diaccena, Vaud. 376. 
Dragon's-blood, 377. 
Dragon' s-mouth, 335. 
Dragon-tree, 377. 
Drapanialdia, Dory, 
4.>/ . • 

Drimys, It. Dr. 201. 
Drosera, Z. 218. 

1 )noS EUACEiE, 218. 
DltL-PACKyE, 201. 
Dryobalaiiops, Gcertn. 
228. 

Dnf-roi, 46J. 
Durkweed, 371. 

1 luguetia, St. HU. 202. 
Dulse, 434. 

Dumb-catw, 371. 
Duvitea, D. t^Mord. 420. 
Durian, 226, 
Durmast-Oak, 365. 
Durra, 300. 

Dutch Myrtle, 366. 
Dger's-broom, 258. 

Eagle-wood, 250, o45. 
EnKNACEA?, 312. 
Eboe-nut, 258. 

Eboug, 2.38, 312. 
Ecbaiiuni, Z, C. 'liich. 
280 . 

Eccremocarpus, It. tjr P 
330. 

Ec-binocactua, Link • 
- Ott. 283. 
Echinopbora, Z. 287. 
Eebium, Z. 325. 
E(*tocarpus, Lgngh. 430. 
mdoes, 371. 
Egg-Apple, 324. 
Eiihetiackje, 325. 
ELiEAUNACEJE, 345. 
Elaiagnua, Z. 346. 
Eheocarpus, Z. 227. 
Elniodeiidron, Jaeg. 250. 
Ebiis, Jaeg. 366, 
Elaterium, 280. 
Ekderium, 281. * . 
EDATINACKiE, 232 
Elatiue, Z. 233. 
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mder, 203. 

£le€ampam, 300. 
Ekmi, 254. 

Eleocharis, B. Br, 401. 
JElephant'a-ears, 282. 

. iHm, 353. 

Elodea, Ad^ns. 302. 
Empetrace.®, 34(). 
Empetrum, i. 340. 
Enculypta, Jledie, 421. 
Euccphalartos, Lehm, 
400. 

Endive, . 
Endocarpoii, lied to. 441 . 
Ent)()«enh, 103. 
Entada, X. 25(1 
Epacrii>a(;e-e, 305. 
Epaciis, Sm. 328. 
Ephedva, L. 407. 
Epidendruiu, L. 382. 
E]>il()biuiii; X. 2(^3. 
E}>imediuni, X. 205, 
]<I]>ipactis, Ilitiler, .‘382. 
]'i<2UlS.KTACKA:, 415. 
E(piwetum, X. 415. 
Erffot of Itye, 452. 
Erica, X. .304. 

Erica CEA3, .‘303. 
Euicnjf:, .304. 
ERioiNj:iE, 304. 
Erioc'aui.aceje, 400. 
Eriocaulcn, X. 400. 
Eriu^uimiii, X. C. lUch, 
3:30. 

Eriophorum, X. 401. 
EriUstenion, Smith, 245. 
Erodium, II6rit. 242. 
Eropliila, 1)C. 214. 
ErYii^um, Toumef 
S87. 

Enjnyo, 289. 

Eiysimum, X. 214. 
Ervsiphe, Hedw, JU, 
452. 

Erythrasa, Ikn. 316. 
Erytlirospemmm, Lam, 
217. 

EjdYTHBOXYLAGXLS:, 

287.^ 

Erythrozylon. X. 287. 
^alloiU8| MtdiSf 272. 


Escallonikab, 272. 
Eacliaclioltzia, Cham, 
208. 

, Eseiibeekea, H, B, K, 
245. 

Euastrum, Ehr, 440. 
Euc-alyplua, llent. 204. 
Eugenia, Michel, 204. 
Euuolia, Elir. 440. 
EuoiivuiUH, Toumef. 
25(}. 

Euphorbia, X. J347. 
tErpTioRjiiACEuE, .347. 
Euphoi'hium, 34t). 
Euplinisia, X. ;3;33. 
Eurvale, S(dkb, 20(). 
Eutoea, 11 Br, 310. 
Erenhty Vnutroac, 270. 
Eirryreeu Oak, :355. 
Eveniia, Ach, 441, 
Exidia, Fr, 450. 
Exidiacejs, 4.50. 
ICxOCfEXS, 10,3. 
Exogonium, Chok .320. 
Exosb^miuo, X. C, likh, 
204. 

Faguniu, Tmruvf, 244, 
Fagrjca, Tlrnttb. 314. 
Fagus, X. :354. 

Fedia, M-wueh, 200. 
Fegatella, Ikidd, 425. 
Fennel, 280. 

Ferns, 410. 

Fcronia, Omt. 2.30. 
Ffiiraiia, X. .301. 

Ferula, X. 288, 

Fes<'w, J3J30. 
lAiatuca, X. .307. 
Feiiilbca, X. 280. 
Fhjoideas, 270. 

Ficus, Timrmf, 351. 
X>iys,.351. 

Filbert, .356. 

I'lLlCES, 410. 
Fimbristylis, VM, 428. 
Fir-trees, 4Qb, 
Fbicoiurtia, Cumpi, 217. 
Flacotjutiaceas, 217. 
Flaa Order, 390. , 

Flays, 391. 


Flax, 240. 

Flaj',yew- Zealand, 377. 
Flea-seed, 308. 
Flindersia, JR. Br, 238. 
Florideas, 432. 
Flowering Plants, 
105. 

Flowerless Plants, 
410. 

Fodder-grmm, 300. 
lAKiiiculuin, Adaus, 288. 
Fontiiialis, X, 421. 
Foots Farsley, 280. 
Forbesia, Eokl, .*i80. 
Forhidden-f rait, 2:10. 
Foryet-me-not, 325. 
Forsliolilia, 360. 
Forkkoulieas, .3.50. 
Fothergilia, X. /. 280. 
Fothkrgilleas, 280. 
Foui*ci‘f>ya, Ve/d. 388. 
Four-o'clock plant, 337, 
Foxyloce, 334. 

Fragaria, X. 202. 
Francoaceas, 27.3. 

1 mnkeuia, X. 220. 
]’’RANJfENIACEA3, 220. 
Frankincense, 264. 
Frank incensv-pme, 405. 
Fraxineas, .300, 
Fnm’nella, 240. 
Fraxinus, Tonrmf, 30(». 
Freiiioiitia, IIooL 220. 
Fremontieas, 220. 
Frmch berries, 251. 
IVeyeinetia, Gat(d, 300. 
Fritillaria, X. 375. 
Froy-hd, 302. 

Frullania, Fees, 424. 
Fu.cacea«, 434: 

Fuchsia, Blum, 260. 
Fucus, X. 4.35. 

Fiunaria, Tournef. 211. 
Fl^MARIACEAa, 210. 
Fnnitory, 211. 

Funaria, Hedw, 421. 
Fmidmji, 309. 

Fungi, 443. 

Fmt/us melitcmis, 360. 
Funkia, Spr, 376. 

Fustic, 263, 362. 
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Gaimardia, Gandich. 
401. 

Galanijnle-rootj il85. 
(valaiUliuM, X. • 
Galhanum^ 280. 

Galipeji, Aahl. 245. 

( liilium, X. 20 1. 
(ruma^-tfra^K^ ;?1)9. 
Giunhvvr, 205. 
Gutuhogo^^l^il. 

G AM( )rEi'AT..E, 1 04,292. 
(larciuia, L. 241. 
Gunb'iiia, EU. 204. 
Gttrdvit^Nadtui.immj 
244. 

GfirliCj 477. 

Garlic Pmry 2U). 
(iAHllYACK.E, .442. 
<T:iiilllievia, L. .420. 

< iwsMoloiiuif JJmlL 440. 
(ifiiista, X. 2 . 35 . 

Gent am ^ 4 JO. 

(JiMitiaiia, L. .310. 

G KXTlANAnKAJ, 315. 
Gmltatwlla, .41(». 
(^^•(U'alyx, j\Wsf 424. 
fcGEHANIACK.E, 241. 
Geraniam, 242. 
Geraiiiinii, Jlvrif. 242. 
German Tinder^ 451. 
i n*sni?rn., Mart .431. 
Gksxkjiacka*:, .431. 
Gkhni?iie-=k, 331. 
Gili.iksiaojo.e, 380. 
Ginffer, 385. 
Ginf/er^(/raiis, 300. 
Ginaent/, 200. 

G ladioliis, Toarnof, 300. 
GlaH'i-worl, 330. * 
Glauciiim, 7V>?//vw/.208. 
Glaiix, Toariwf. 310. 
Gleditschia, £. 200. 
Gliiichi'uia, Smith, 417. 
GT.KTCJIKNIKiK, 417. 
Ghlie Amaranfm^ 3.48, 
Globiilana, X. 320. 
Gldxiiiia, 1/erit. .431. 
Glitmiflow.®, 395. 
Glyaeria, 72. Hr, 307. 
Glvcvrrliizn, X. 255. 
GlypWa, 228. 


Gnaphalimn, Don^ 298. 
•Gnktacka?, 407. 
Giu'tum, X. 407. 
Goal'sAniard, 301. 
Godelia, Sjiach, 200. 
Gold-thread, li)9. 
Gomme tT Acajou, 252. 
Goniphi'ena, X. 338. 
Goiiiuni, Lam, 440. 
Goodemackas, 302. 
Oooyal, 254. 

Gooseberry, 285. 
Gordoiiia, EH. 220. • 
Gouj)0.vik.e, 220. 
Goa8\'})iuin, X. 224. 
Gourds, 281. 

Grains of Paradise, 385. 
'G 11 AMIXACF.-E, 305. 
Granadilla, 278. 

Grape, 240. 

Grape, Sta-side, 337. 
Grasses, 305. 
Grass-cloth, 351. 
Grassdree, 377. 

Greek Valerian, 320. 
Green-heart, 341. 

Green Larer, 4«‘i0. 

Core's illea.iX Hr. 340. 
Gniwia, Jass. 227. 

( 1 rilKthaia, ’Ayh. 433. 
Gvinimia, Jihrh. 421 . 
Groiiovia, L. 283. 

G IlOSSULACE-’E, 385. 
Grimnd-lry^ 328. 
Gimiacum, 245. 
Giiaiaciim, Plum. 244. 
Gaarana bread, 234. 
Guarea, X. 2;.i8. 

Guava, 204. 

Guuziniia, Plum. 22r5. 
Gueldin- Pose, 203. 
Guot tarda, Vent 204. 
Gut mauve, 224. 
Gidf-weed, 435. 

Gum Acacia, 250. 

Gum Anmci 220. 

Gam Arabic, 250. 

Gum Dymmar, 400. 
Gum Ih'ayon, 258. . 
Gum LaCy 258, 349. ^ ^ 
Qummi yutta, 232. 


Gmij^ Senegal, 259. 
Gum-trees, 206. 
Gunuera, X. 200. 
Gustavia, X. 205. 

Guttn Percha, 312, 
GUTTlFEli..E, 23U. 
Gymnocarpua, 72. Br. 
277. • 

Gy miiorladus,Xa»ii.277, 
G'ymno(iens, 103. 
Gvmuucfraiuiiia, Tim*. 
‘410. 

GvMNOsrEr*M[A, 403. 

G \ M xosroKiE, 427. 
Gynaudrop8is,7>G. 210. 
Gyiierium, Il.B.K, 4(K). 
Gynnopsis, Geerln. 345. 
G YTIOCARPKE, 2l)8. 
Gyrocarpns, Jacq, 208, 
G viiOSTKAIONE-afi, 330. 

IIiDmatoxylou, X. 255. 
lljRMODOKAUKil!:, 380. 
ITivniodorum, Sm, 380. 
Ilair-hells, 303. 
llakea, Sikrnd. 34^, 
llaleaia, Elli^, 3»14. 
Ilalidrya, Lyuyh. 435. 
lTAiA)iiAa\rE.E, 270. 
llalorapfis, Ford. 270. 

1 1 AM AMEI.A C KiE, 285. 
Hamamklejk, 280. 
llamamcdis, X. 280. 
llaucoriiia, Gom. 317 
Hand-plant, 227. 
ilAPLOZYGUE, 287. 
Haricots, 257. 
Hau’thorn, 2< »3. 

Hazel, 356. 

Heart' 8-ease, 220. 
Heath, 303. 

IJedura, X. 240, 2JK). 
IIedycliiiini,X>r^//y/,385. 
lledyosmum, Sivartz, 
307. 

Iledyotifl, La^n. 294. 
Jleliampliora, Bcnth. 

207. ^ • . 

.Ileliantliemum, 
nef, 217. 

Heliconia, 1. 387. 

. 2h 
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Helicteres, Z. 220.* 
Hdwtropey 32(1 
Helkhorej Wldte^ 378, 
IlELLEBORKil!:, 198. 
Ilelleborus, Adans, 198. 
llelosciadium. Koch. 
288 

Ilelosifl, Eich\ 300. 
llelyella, Z. 450. 
HELVELLEiE, 450. 
Helwinjna, WiM. 290. 
Hklwingiackje, 342. 
HemidcsmuB, It Br, 
318. 

Ilemisterama, Commers. 

200 . 

Hemlock, 289. 

Hemlock I)ropwort,2B^, 
Hemlock Spi-uce, 405. 
Hemp, 351. 

Hemp, African, 377. 
Hemp, Indian, 351. 
Hemp, Manilla, 388. 
Henham, 324. 

Hennah, 271. 

Keiviloyia, W<tlL 273. 
IlKPATICiE, 424 &c. 
Ileraf^leum, Z. 288. • 

Heritiera^ Ait 220. 
Ileraianniai Z. 22(3. 
IlEHMANTaEiR, 22(1 
Hernandia^ Plum. 344. 
llespcris, Z. 214. 
Hetebosciadeas, 287. 
'llibbertia, Atidr, 200, 
lllBISCEJE, 224. 
Hibiscus, Z. 224. 
Hickory, 354. 
Bieraciuui, Toumef. 
299. 

Hierochloe, 399. 
Hillebrandia, 282. 
Ilimanthalia, Lyngh. 
435. 

•Hippocastaneajj, 233. 
llippomane, Z. 347. 
Ilippophac, Z. 345. 
jtopmiris, Z. 270. 
Mbg-yum, 263. 
Hog-plum, 253. 
HoUbosUia, WaU. 204. 


Holly, 313. 

Hollyhock, 

Holm Oak, 356. 
llOMALlACEAS, 282. 
ITonialiiim, Jacq. 282. 
ITonckeriya, Ehr. 228. 
Honey-lomist, 259. 
lIoneymuMe, 293, 

Hop, 351. 

Ilordeum, Z. 397. 
Hmrhonnd, 328. 
Hornbeam, 355. 
IDimwoH, 359. 
Horse-chednut, 234. 
Horse Badish, 215. 
Home-sugar, 313, 
Horse-tails, 415. 
Ifoi'tonia, Wight, 203, 
204. 

Hottentot's ft g, 277. 
Honselcek, 274. 
Hovcnia, Thunh. 251. 
Iloya, It Br. 318. 
IfUMTRlACEJE, »‘15.4. 
IIunmlu.% Z. 351. 
Hundred-years' Pkmt, 
389. 

Hmm IHne, 40(1 
Hura, Z. 347. 

Hyacinth, 377. 
Hyaciiitlms, Z. 375. 
llvalostoiiima, Wall. 
341. 

IIydnkje, 450. ■ 
Hydnocai-pus, Gmin. 
277. 

Ilydnum, Z. 450. 
Hydrangea, h. 272, 
Hydrocera, Blum. 243, 

IlYDUGCH.ABIDACIfiAS, 

392. 

ir^drocharis, Z. 302. 
llydrocotyle, Toumef. 
287. 

Ilydrodictyon, Both, 
437. 

►JElTDBOl’HYLLACEiB, 

319, 

TIydbophtta, 428. 
Ilfdi'ostacbjs, Pet.-Th. 
3o9. 


ITymenangtea5, 440. 

• Ilvmenniigiuiii, Khtsch, 
‘449. 

llYOT.NOPIiyLLEiE, 

417f 

rivnienoplivlluin, Sm. 
417. " 


llyoscyamua, Toumef. 


323. 

ITvpt'Coum, 

211 . 


tounuf. 


Hypektcacea?, 231. 
Hypericum, Z. 232. 
Ilypniim, Z. 421. 

1 lypotdueris, Z. 2(X). 
TIyp(il.*i*iia, It Br. 427. 
H vpuxii) A rEA5, .389. 
Ilvpoxis, L. 389. 
llypoxylim, Bull. 452. 
Ilyssopiis, L. 327. ' 
Hystkiiophyta, 192, 
443. 


Iberis, Z. 214. 
IrA('lNAOK.E, 314. 
Iccland-Moss, 44.3. 
Ice-plants, 27(). 

Icica, Auhl. 253, 

Ilex, L. 313. 
It.tcaceje, 313. 
Ilt.kckbbacea?, 275. 
Illecobrum, OtJcHn. f. 
275. 

Hlicium, Z. 201 . 
Illigera, Bl. 2(»8. 
Immortelles, 301 . 
Tiiipatbius, Z. 243. 
IxOOMPLETJE, 3.3(1 
Indian Copal, 229. 
Indian Com, 399. 
Indian Oticss, 244. 
Indian Figs, 283. 
Indian Shot, 387. 
Indigo, 258. 
Iiidigolera, Z. 255. 
Inga, Wilkl. 256. 
Inula, G(crtn. 298. 
lodes, Blnme, 352. 
Ipadu, 237. 
Ipeeacuan, 294. 
Ipecacuan, black, 204 
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Jpecaatan^ whiiCy 295, 

Iponia'ti, L, o20. 
IlUDAGKAO, 390. , 

Iris, L. o90. 

Ivi&h Hiriimy 434.» 
Inm’-troody 355. 

Isaria, Hilly 450. 
JsAiaEJT:, 450. 

Isatis, 2] 5. 
IsoicTACEji*:, 413. 
IsOETl'LfH, 412. 
lsoet(*.s, i. 414.* 
Isulepis, It. Hr. 401. 
Issoiiiiiidra, Whjhty 311. 
Istlimia., Affli. 440. 
llahi-ivaiidy 258. 

Ironf^ VeqvUMvy 308. 
/i7/,*2 19, 21K). 

7#>//, Gnmmly 328. 
Ldiirannmt^ 300. 

Ixia, X. im. 

Ixora, L. 294. 

Jfwoli'a Ladder y 320. 
Jalap y 320. 

Jainbosa, Humph. 280. 
.lasioiip, Z. 302. 
Jasmixacev!-:, 307. 
Jasminai.eh, 307. 

JaiMuiufy 307. 

.lasniinuin, Z. 3i07. 
Jateon'hiza, Miern^ 203. 
Jfltroplia, Kill. 347. 
Jeflersoiiia, Hart. 205, 
JeruHulvm Artivhoheny 
300. 

Job's Tears, 400. 
Jonesia, Ho.i‘b, 255. 

J U (i lax I) A CEyE, 353. 
Jupflans, Z. 353. 

Jujube y 251. , 
JUXCACEJE, 378. 
JirNCAGLNE.E, 393. 
Jiincus, IJC. 378. 
Jun^crmauuia^ IHU. 
424. 

JUN OEUM ANNlACEiB, 

423. 

Jumper y 406. 
r Juniperus^ Z. 404. 
JusticiOi Z. 329. 


JutOy 228. 

Kadsura, Jms. 204. 
Kanyaroo-yrassy 399. 
Katy 251. 

Ka ruy 358. 

Kelp, 435. 

Kt^rmes Oaky 355. 
KieliiMjyora, Mart. 229. 
KinOy 258. 

Kiuoy Hatany Hay, 2()6. 
Kobre.sia, WUld, 401. 
K(x;lreiitLTia,Zam. 233. 

Kohl~rahiy 215. 

Kora Kany, 399. 
Koussoy 203. 

KraniPiia, Lwffl. 230. 
Kubuy 251. 

Kumquaty 239. 

Ladtata?, 320. 
LAllTATiEFLOll^, 299, 
Laburnum y 258. 
iMvcJidrky 344. 

Lticds, Lindl. 3?)9. 
I^ACJlSTEMACEiE, 342. 
liactnca, Z. 2JH). 
Ladammiy 218. 
Ijajycuaiia, A>r. 280* 

liajicrstra^mia, Z. 271. 
Lagetta, Juss. 344. 
lAvmVs lAdiuee, 290. 
Laminaria, Lamic. 430. 
Liuniuin, Z. 327. 
Idtnce-woody 202. 
Lanysaty 238. 

Lansiuni, Humph. 238, 
liUiitaiia, Z. 328. 
Lapageria, H. <§(• Pav. 
373. 

lAirchy 405. 

Lardizaluda, Ruiz ^ 
Pav. 204. 

Lad DIZADALACEiB, 

204. 

Larkspur, li)9. 
l^airea, Cav. 244. 
La8trffia,»Pm/, 410, 
Latbriea, Z. 332i 
LatliyruS; Z. 258. < 

Latjbacb^, ^ 0. 


Lawrely 341. • 

Laurely Chcrry^y 203. 
iMurely 291. 

Laurdy Portuycdy 203. 
iMurdy Sjmrne-y 344. 
Laiirencia, Xanix. 433. 
Laudencieje, 433. 
Lam'ustihmy 293. 
Ijaiinis, Tomjwf. 340. 
Lavandula, Z. 327. 
Laveruler, 328. 

Laver y 439. 
liawsonia, Z. 271. 
Leatbesia, Grayy 430. 
Lecidea, Ach. 441. 
Lecythidaceas, 266, 
Lecythis, Lcrffl. 205. 
Ledum, Z. 304. 
licea, Z. 249. 

Leeky 377. 
LEGUMlXOSiE, 254. 
Lomiia, Z. 371. 
Lemnack.®, 371. 
Lemoti, 239. 
Ltmion-yrass, 399. 
Lcmm^^plauty 329. • 
Lentiditlace®, 335. 
Lenlilsy 257. 

Leontice, Z. 205. 
Leoiitodon, Z. 299^*‘ 
Leopoldinia, Mart. 308. 
Lcpidiiim, R. Hr. 214. 
Lcpidocaiyum, Mait. 

Lepidostachys, WaU, 

Leptosiplioii,Zm//«.310. 
Ijeptospeiimk®, 204. 
Lepturus, 397. 

LeUuccy 300. 
LiCHENACEiB, 441. 
liECUENALES, 441. 
lilGHftNES, 441. 
Liynum ccilubrinum, 
315. 

Liynum Rhodiumy 2154 
Liynum~vit<By 245. 
Li^ustrum, Toum^. 

Zt'/ac, 300. • 

LlLIAGEiB^ 375. 

2h 2 
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Ltliales, 375. 

Lilies j 376. 

Lilium, L. 375. 

LiUf of the Fields, 389. 
Lily of ihc Valley, 377. 
Z*mc,'230. • 

Lime or Lindm, 227. 
LiMNANTHACEiE, 244. 
Limnanthes, 244. 
Limuocliaris; I£, L, 
393. 

Liiiiosella^ Z. 333. 
Lixace^s, 240. 

Liuaiia^ Tournef 333. 
Liunaja, Gronov. 292. 
Limred, 241. 

Liiiuiii, Z. 240. 
Jaqnidambar, Z. 280. 
Litfoorive, 257. 
Liri()duii(lron, Z. 201. 
IdssantJie, IL Hr, 305. 
Litvhi, 234. 

Litbospermum, Z. 325. 
Litmus^ 443. 

Littorella; Z. 308. 
Liver-worts, 425. 

Loasa, Adam, 283. 
Loasackjk, 283. 
Lobidia, Z. 301. 
Ii()BJ[^LIACEiE, 301. 
Locust-trees, 258. 
Lod()ic(}a, Lahill, .305. 
Logaiiia, It. Hr, 314. 
l4)GAxVlACEJE, 314. 

‘ Loy^wood, 259. 

Lolium, Z. 397. 
Loitfjini, 234. 

Lony Pepper, 358. 
Lonicera^ Desf, 292. 
Lopezia, Cav! 209. 
Lophira, Hanks, 228. 
Louantiiaceas, 342. 
Loranthiifl, Z. 343. 
Lotus, Z. 255. 

Lotus, ancient, 237, 252. 
L&oe-Ues^hleediny, 338. 
Jjacem, 257. 
t<ufla, Tournef, 280. 
Lutea, Wmd, 227. • 

Lupines, 257. 

Lupinus, Z. 255. 


Luzula, DC, 378, 
l.yciliiiis, Z. 222. 
Ijycoperdon, Tournef, 
‘449. 

Lycopodiaceje, 412. 
Lycopodium, Z. 412. 
Ly^udiiun, SivaHz, 417. 
LVsiinatdiia, Ma^nch, 
310. 

Lythhaceje, 271. 

Ly thrum, Z. 271. 

Mace, 342. 

IMacropiper, Miq, 358. 
Macroztimia, Miq, 409. 
Madayasear Hoison-nnt, 
317. 

Madder, 296. 

Mfi^uolia, Z. 201. 
Maqxoltaceje, 200. 
MAGNOLIK-ffi, 201. 
Mayiie.y-plants, 389. 

M ahoy any, 238. 
Mahonia, i\«/<^.!205. 
Make, 39t). 

Malaxis, Stoz. .382. 
Idalcolmia, It, Hr, 214. 

M ALESHKKBIA CEiB, 

278. 

Mallow, 22*3. 

Malopo, Z. 224. 
Malpi^rhia, Plum, 237. 
Mal P lain ACK.a 2 , 237. 
MaJva, Z. 224. ’ 
Malvaceje, 223. 
Halve.®, 224. 

Mammee apple, 231. 
Mamillaiia, Haw, 283. 
Manchinecl, 349. 

Man vhinevl,lmstard,^\ 7, 
MandragoiTi., Tourti,32li, 
Mandrake, 324. 
Mandioc, 349. 
Manyold-wurzd, 339. 
Maugifera, Z. 252. 
Mango, 23lj 253. 
Mangosteen, 231. 
Mangrove, White, 320. 
Mangroves, 200. 
%ManUla Hemp, 388. 
Manna, 221, 257, 300. 


Manna of Mount Sinai, 

221. ■ 

Maples, 234. 

Mliraiita, Plum, 380. 
hlAllAKTA(U-LE, 380. 
I^laruttia, Sni, 417. 
Maiiattiaceje, 417. 

19 arcgraavia, Z. 229. 

M A lie (i DA A VI E a:, 229 . 
]Marchimtia,il/«/;(7L 425. 
MAltCllANTIAC’KiE, 425. 
Mare s-tail, 270. 
Maryosa, 238. 

Marigold, 3(X). 
Marjoram, .328. 
Markiny-7iut, 252. 
Marmalade, 240, 312. 
Harrubium, Z. 327. 
Marsh- mallow, 224. 
Marsilca, Z. 411. * 

Maesileack.®, 411. 
IMartynia, Z. 330. 
Marvel of Peru, 337, 
Mastic, 253. 

Mutf., 313. 

Matico, .‘100, 358, 
Matthiola, II, Hr, 214. 
Mayaceje, .380. 
May-tree, 203. 

Meadotv Saffrtm, 378. 
]Mi?caiiop,sis, 210. 
Hfdoola, Gronov, 374. 
Medic, 257. 

Mediiiilla, Gaudich, 209. 
Medlar, 203, .31 2. 
Megacaii)a?a, 209, 214. 
Melaleuca, Z. 2()3. 
MeUimho hark, 240. 
Melanipymiii, Z. 333. 
MclanoiTliua, WaU. 252. 
M EL A NT.H A Gh\M, 37 7. 
Mehmtliium, Z. 378. 
Medastoma, Z. 209. 
MELAbTOMACEiE, 208. 
Melhania, Forsk, 225. 
Melia, Z. 238. 
MElAACKiE, 238. 
Meliauthua, Z. 244. 
Melica, 397. 

Mcliusma, Fndl, 233. 
Meliosmeje, 2«33. 



INDEX TO SYSTEMATIC BOTANY. 


689 


M<?lobeMa, Lantr, 433. 
M(don, 281. 

M(ilosirn, Affh. 449. 
McDwcvlon, X. 2(M). ^ 

M KMS1»KRMACE^E, 2*03. 
jMi'iiispermum, Toumef, 

Aleiitha, L. 327. 

L, 283. 

jM(*nyanthos, X. 310. 
M(*rcurialis, L. 347. 
Merriirif, J'httjUsh, .339. 
It. Ji. 

Mertonsin, IVWd, 417. 
]M(;nilius, ITali. 4o0. 

Al KSKMIUIYANTII A(^ KJR, 

27(5. 

Art‘st*mbrvaiitlicm\nu, 
X. 27(5*. 

Ali^Tosidci’os, J{. Dr, 
2(54. 

Alc.'tzpforia, Ifrnld. 424. 
3Irze/roHj .‘*44. 

Alicoiiia, J)(\ 2(50. 
Ali(;r()col('us, Ih'smaz, 
439. 

Aliorsia, Luidl. .380. 
3II(tmmnette^ 21(5. 
3iililvw of Wheat, 453. 
3HtdeirH, 445. 
Milh’-wmis, 23.5. 
Midets, .‘{S)9. 

Mimosa, X. 250. ^ 
Mimosi:.e, 25(5. '• 
Mimuliis, X. 15^33. 

Mud, 327. 

Mirabilis, X. .337. 
jMisM(w, .342. 
MUrha-mitcho, 241. 
Moeh-Ormufc^ 273. 
Modocca, X. 277. 
Mollttgine.^j!, 275. 
Mollujro, X. 275. 
Momowlica, X. 280. 
Monimiace^e, 202. 
Monketj-apph, 231. 
MimUeij-hready 225. 
Monliep-pot trees, 2(55. 
Mmikshood, 199, 
Momiina, liuiz 8c Pav. 
230. 


* Monocotyledones, 
304. 

’Monodora, Ihm, 202. 
Aloiiotropa, KM, .*304. 
MoNOTHOPKiE, 304. 
Alonsoriia, X. 242. 
Alontia, Michel, 275. 
Mimi-seed, 203. 
Alorchella, Dill, 450. 
MoreUs, 451^^^^^^^ 
M oreton-Wiffj^^^^^ 
Aloririda, Vaill, 294. 
Morincjacejpj, 259. . 
Mf>riis, Toxmuf, 351. 
Mimes, 420. 

Moxdd, 445. 

Mould of cheese, 454. 
Moxmtnui Ash, 2(5.3. 
Mouriiia, Juss, 2(50. 
Moa'u, .‘100. 
AIucriunk.e, 453. 
Alucor, Mich, 453. 

AJ ucoRK^E, 453. 

3 'U.dnr^ 318. 

Alulcia, Arn, 280. 
Miditerrxj, 352. 
Afuliimni, Pcrs, 287. 
Mxdlein, 335. 

Alimdia, Kunfh, 230. 
Mvujeeth, 25)5. 

Musa, Tottmef. .387. 
ATijsac’E.e, .‘187. 
Musrai-i, Tournef, 375. 
Mushroom, 450, 45J . 
Mttsli-pUtnt, 3.’»5. 
3Itfid.ard, 215. 
Mxudiird’dree, .307, 
Miitisia, L.Jil. 209, 
Alvuporiini, Ijr ISol, 
328. 

Alvosotis, X. .325. 
Myrica, X. 3.55. 
AIVrk’aceje, 355. . 
Alyricaria, Desv, 221 . 
Myrioneina, Grev, 4‘)C. 
Al'yriophyllum, Vaill, 
270. 

AI jTiotrichia, I£arv,4!^Q, 
AlyristiCa, X. 341. 
A1 yri8ticace-«, 341*. 
Myrobalan^ 208. 


3Iyirrh, 254. 
MyAsinacejeT, 311. 
Afyrftine, X. 311. 
AlYUTA<^EiE, 2(53. 
AlYRTEiR, 2(54. 

3IyHle., 264. 

Alyrtiis, TcfUrmf, 2(*4.. 
AlVxOQAt^TREJE, 440. 
Alyzodendron, Sol, 343. 

Natadack.e, 394. 

Naias, WUhl .394. 
Napoleona, Ptd, 206, 
NarcissevE, 388. 
Narcissus, X. 388. 
Kardoo, 411. 

N arth(M!i um, M(rh r..378. 
Niassa via, Commers, 2( )9. 
Nasturtium, R, Hr, 214. 
Katehnee, 399. 

Naviculn, Rory, 440. 
N(!ctandra, llottl, 340, 
Nectarine, 2(52. 
Nee9n’-f/ree, 238. 
Nej^undo, Mwnch, 234. 
Nelumbiacka«, 207. 
Nelumbium, Juss, S07. 
NeTHophila, Rai'tl. 319. 
Nepal Barley, 398. 
Neuenthace. 5!, .‘103, 
Nepholiura, X. 233. 
Norium, X. 317. 

Neroli, 2.39. 

NMe Order ^ 350. 
Nettle, Stinying, 351. 
Nettle-trce, 353. 
Ncurada, X. 202. 
NEUiiADE^as, 2(52. 
Nt^-Jersey Tea, 252. 
Neto-Zealand Blair, 377. 
Ni(J 0 tiana, Tournef. 323. 
Nidulabik^i, 449. 
Nigella, Tmnwf. 108. 
Nightshade, 324. 

Nipa, Rumph, .309. 
Nitella, Ag. 426. 
Nitroria, X. 237. 
Nolana, X. 325. 
Noi.ANArK.s:, 324 
* Napal-plani, 284. 
NorfoUcI^ndPine,^^ 
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Noatoc, FaucA, 437. 
Nullipores, 434. 

Niiphar, ^mith, 206. 
NuUgaXls, 356. 

Niftfneff, 342. 

Nutmegs^ Brazilian, 340. 
Nax~vomicni 815. 
Nyctaoinace®, 337. 
Nyctanthes, Jms, 807. 
N^^phsea, Neck. 200. { 
Nympiueace-®, 206. 

Oak-4ree8, 355. 

Oats, 399. 

Ochnack®, 247. 
Odontofrlossum, H. B, i 
K. 382. 

O^DOGONIK®, 438. 
fEdofroniuin, Link, 437. 
G^nanthe^ Lnm. 288. 
(Euothera, L. 209. 

Oil cf Ben, 260. 

Oil of Bergamot, 240. 
Oil-Pahm, 808. 
Olacace®, 814. 
OhUtnan^s^eard, 302. 
Olea; Tommef. 306. 
Oleace®, 300. 

Olk®, 300. 

Oleander, 317. 
Olihanum, 254. 
Oli^omeris, Oambafifi. 
210. 

Olive, 800. 

Plive Seatffeeds, 430. 
Omphalobiuin, GteHn. 
2r>.3. 

Onagrace®, 201. 
Oucidium, Swz. .382. 
Oncoba, Forek. 217. 
Onion, 377. 

Onobrychis, Tmmef. 
256. 

Onygfena, P. 449, 
Onygene®, 440. 
Opej^aplia, Fer». 441. 
Operculaiia, A. Rick. 
'294. 

Opbiocaryoii; Schomb. 
238. 

OrmoGLOBBie®, 417. 


Ophioglossum, L. 417. 
Ophrys, Stez. 382. 
Opium Poppy, 210. 
Opoponax, Kmih, 288. 
Opoptmax, 289. 
Opiiutia, Toutmef. 283. 
Orach, .^30. 

Orange, 230. 

OrcM, 443. 

381. 

Orchis, L. 382. 
Orinranum, L. .327. 
Omithopus, L. 255. 
Ornus, Peru. 30(». 

( )llOH ANOTTA PE®, 332. 
Orobanclie, L. 3.32. 
Ohontiace®, 370. 
Oroiitium, L. .370. 
Orris-roof, 301. 

Oryza, L. 307. 

Osage Oratffe. 352, 
Osbockia, L. 209, 
Oscillatoria, Bos^ 430, 
OsCILLATOUIACE®, 
480. 

Osiers, .350. 

Osmunda, L. 417. 
OSMUNDE®, 41 7. 
OstrVa, Scop. .‘154. 
Osvris, L. 343. 

Otto of Rttses, 20.3. 
Ouviraudra, Ihmwrs, 
.394. 

OXADTDACE®, 241. 
Oxalifl, L. 241, 

OxUp, 310. 

OxYCoccus, Tonrnef. 
304. 

Oyster-hay Pine, 40(5. 

Padina, Adans. 434. 
P.'conia, Tourmf. 198, 
P®ONIE®, 108. 
Palissandre, 258. 
Paliurus, Tournef. 251. 
Palmace®, .^>5. 
Pnlra«lla, Aqh. 437. 
Palms, 305, ’.3(58. 
Palmyra-wood, .368. 
Paihiios-grass, 4(X). 


’Pancratium, L. .388. 

. Pandanack®, 809. 
Pandane®, .3(50, 
Pandaiius, L. fU. .300. 
Pandoijna, Ehrenh. 440 
]*an"iiim, Reinw. 277. 
Pangiac'e®, 277. 
Panjce®, 307. 
Paniemu, Z. 307. 
Pansy, 220. 

Papfivor, T<mmef. 208. 
►Papavkracb®,’ 208. 
Papaw, 277. 
Papayace®, 277. 
I*apa>Tola, A nhl. 21 0. 
Paper- Mulberry, 351. 
T*aptlionapk®, 25.5. 
Papyrus, Willd. 401. 
Paraguay Tea, 313, 
Pareira bravn, 203, 
Paiiirtales, 208. 
l*arietaria, Tournef. 350, 
T^ariktarik®, 350. 
IWis, Z. 374. 

Parkoria, Hook. 417. 
Parkkrteai, 41 7. 
Paruiclia, Fr. 441. 
I’armenticra, DC. 331. 
Pariuwsia, Z. 232. 
Paronychia, Jtm. 275. 
Paronyoiiiape®, 275. 
l^AROXYCHIE®, 275. 
Parrotia, C. A.Mey. 280. 
Parsley, 280, 

Parstuip, 280. 
Paspalum, Z. 300. 
I’assifiora, Jms, 27f^. 
Pabsiflorace®, 278. 
Passion-flowers, 278. 
Patchouli, .328. 
l^aiillinia, Z. 2.33. 
Paiillownih, Zncc. 333. 
Pavia, Boerh. 2.3.3. 
Pavc^nia, Cav. 224, 
Peach, 202. 

Peach, SierraLeone, 205. 
Pear, 2(53. 

P^, 27)7. 
PEDATiTAOE®, 330. 
PediastniiTi,3/<!//cw, 440. 
Pedicularis, Z. 333. 



INDEX TO SYSTEMATIC BOTANY. 


691 


Pecraniim, Z. 244. 
relarf^oiiium, Herit, 
242. 

TellUory of Spain, 300. 
Penroa, Z. 340. 
I’en.eacjsje; 346. 
J’enicilliiim, Lk. 453. 
Pennp-roynU 027. 
Pentaptera, Roxh. 208. 
PentlioruHi, Z. 274. 
PeiitsitMiioii, Ilvrit. 333. 
Pepi?romia, IL &'1\ 358. 
JVplis, Z. 271. 

Peppor^ 358. 
Peppvr^thilse, 434. 
Pf^ipprminf, 327. 
Pvppvrii, 247. 

Poreskia, Pfnm. 283. 
IVriploea, Z. 318. 
I'ERTSPOREJE, 452. 
IrnHimbifPo-irondj 250. 
PerHimmoH, .‘U2. 
Petaloidk.e, 372. 
PKTlVEllIEiE, .330. 
Petimia, Jutta. 323. 
IVucudamnu, h, 288. 
PlIAPlDlE-E, 452. 

I ‘lUV.C )S l»0 IIE.E, 430. 
IMuiljpnopsis, BL 382. 
PirALARlDEJR. 307. 
Phalaris, Z. 307. 
PiTAT.LE.E, 440. 

Phallus, Z. 440. 
PlTANEIlOiiAMIA, 105. 
Pliarbitis, Chois. 320. 
Phascuin, Z. 421. 
Phasooliw, Z. 255. 
P[IILA1)FXPHK>R, 272. 
Pliiladelphus, Z. 272. 
PlllLESIACR.IS, 373. 
Pliillyrea, Tmimef. .30(5. 
Philydiiack.e, 380. 
Phleuni, Z. 300. 
Phlomis, Z. .327. 

Phlox, Z. 310. 

Phloxes 310. 

Phcenix, Z. .305. 
Phormium, P*or8t. 375. 
Pliylica, Z. 251. 
Phyllaiithus, Z. .347. 
Ph vUocactus, Linkt 283. 


‘ Phyll()cladus,Z. C.i2/c7t. 
400. 

'Plivlloglassum, Knnze, 
414. 

Phyllophora, Orov. 331. 
Physalis, Z. 32-3. 
Phvtelephas, R. ^ P. 
.308. 

Phytouma, Z. 302. 
PiryTOCRENACEJE, 352. 
Pliytocrtine, Wall. 352. 
PhytolacoackvE, 3.30. 
Pinssaha^ .308. 

JMcraama, Bhime, 2^7. 
Pilcja, Lindl. .3.50. 
Pilostvles, OniU. 301. 
15lularia, Z. 411. 
I*imc4ea, Banks ^ SoL 
.344. 

Pimento, 204. 
l*impint*lhi, iJC. 280. 
PiNACK.E, 401. 
Pinc^apple, .301, 
Pina-treeSf 404. 

Pinct/ *I)ammnr, 220. 
IMniruicula, Tournef 
.335. 

Pinks, 221. 

Pinus, Z. 404. 
l*ipor, Z. .358. 
PlPMRArRJB, .3.57. 
PlPERITiE, 200. 
Piriqiu^ta, Anhl. 270. 
Piacidia, L. '277. 
Pisoiiia, PI am. .3.37. 
Pistachio-tint., 2.53. 
Pistacia, Z. 2*52. 

Pistia, Z. 371. 

Pisura, Z. 255. 
Pita-thread, .380. 
Pitcairiiia, Henb. 301. 
IHieh, 400. 
Pitcher-idants, .303. , 
PiTTOSPORACBA?, 248. 
Pittospomm, Soland. 
248. 

Plap^ochftsma, Lehm, 
425. 

PLAOKTSPERMKiB, 280. 
Plam, 36;3. 

Planera, Gmel, 353f • 


PLANTAaiNACR.®, 308. 
PlaSita^, Z. 308. 
Plantain, 308, 387. 
PliATANACRiB, 363. 
IMatonus, Z. .353. 
I'latysteinoi; ; Bf/nth.2^» 
I’leurandra*, Lahill. 200. 
Plocami^m, Grew 4113. 
Plooaria, Necs, 433. 
Plnm, 202. 

Pl.UMBAaiNACE-®, .308. 
Plumbago, Tournef. 
Plunie-mdtmgs, 341. 

Poa, z. tm. 
l^OACEAS, 307. 
PoDAXIMIEiB, 449. 
Podocarpii8,Z*//<?r. 400. 
Pudophyllum, Z. 205. 
PODOSTKMACE.E. .350. 
Pokmi-Bldcr, 253. 
Potsm-md, 317. 
Poison-Oak, 253. 
Polanisia, Raf. 215. 
PoLBMONIACKJB, .310, 
Polemonium, Ttmrnvf. 
.310. 

Polyanthus, .310. • 
Polycarpon, Lceffl. 276. 
Polygala, Z. 2.30. 
POLYnAl.ACK-’E, 2.35. 
P()LYGONACE.fl5, .3.30, 
Polygonum, Z. 330. . 
Poi.ypetal;b, 107. 
l*OLYPODIEiB, 410. 
Polypodinm, Z. 410. 
.Poi-YPORE.®, 450. 
Polyporus, Mkh. 450. 
Poly8iphoma,6rrfw 4.33. 
I’olytriclium, Z. 421. 
POMEJE, 261. 
Ponieyranate, 264, 271. 
Pompelmoose, 2.30. 
Pmd-weeds, .304. 
PONTEDKB-ACM, 380, 
Poplars, .366. 

Popfnji 210 . 

PopiiluB, Z. 356. 
Porcttpine-wdod, 368. 
Porphyra, Ayh, 4^. - 
• PonPHYRK.®, 433.* 
Portulac»,rot<me/'. 276. 
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PORTULACACEJB, 276. 
Potalia,^»«7;/. ai5. ' 
Potamofreton, L. 394. 
PotatOy 324. • 

Potato Pwitjmn 454. 
Potoutilla, L. 2(i2. 

P(VraNTILT.Tf)JI*3, 202. 

I’otorium, L. 2i\2. 
Pothofl, Ij. 370. 
PriMyAnhy 240. 
Vrickiy Pear, 284. 
Primrose y 310. 
Primula. L. 310. 

• PuiMui.AOK^:, 309. 
Princes Pvathers^ 338. 
Prinos, X. 313. 
Printzia, Cass, 290. 
Prisiiialocari)US, Alph, 
DC. 302. 

Prm^y 300. 
PiuxmiDK^, 350. 
l^rosopis, L. 250. 
Protea, L. 340. 
PUOTEACR.E, 345. 
PnOTOPHYTA, 102. 
iPllUiVE.®, 201. 

Pruifella, L. 327. 
Prunus, 201. 

I’sidiiim, L. 204. 
Psilotiim, Sw. 412. 
Psvclfotria, L. 294. 
PUdea, Z. 240. 

Pt oris, Z. 410. 
PiprisantheH, Blum. 

. 249. 

Plerosjjora, ^vtt. 304. 
I’uocinia, Vers. 452. 
Puccoon^ 210. 
Paff-hallsy 449, 450. 
Pulses, 254. 

Pnnpkin, 281. 
Punctaria, Grcv. 430. 
Punica, Z. 2(4. 
Purginy^fiuty 340. 
Purph^hearty 250. 
PurslanOy 270. 
Putty-rooty 384. 

PuyOy 351. 

Py(TOphycus,JCyife. 435. 
Pyrotbrum, Geertn. 298. 
Pyrola, TourAef. 304. 


Pyrole.®, 304. 

Pyrua, Lindl. 202. 

Qualea, Auhl. 207. 
Quamlmiy-nut, 344. 
Quassia, 247. 

(Quassia, Z. 247. 
Quercitron, 

(Juorciis, Z. 3i>4. 
Qiiilluia, 3/iZ 202. 
QUfLLAlJK, 202. 
Quill-woiis, 413. 
Quinas, 240. 

Quince, 20.3. 
uiaqiialia, BumpIi.^Cif^. 

Quiteky 400. 

lladiola, Dillen. 240. 
Batli'tli, 215. 

Ilameaia, 7^. /M301. 
Pa FFr.Esr.KJK.E, 301. 

Baisins, 2 10. 
llainnlina, Ach. 441. 
liamhufan, 234. « 
Banipion, 303, 
•IIanuxculaceje, 108. 
PANUNCrLKJR, 107. 
Kaiiiinciilua, Z. 108. 

1 tnpli an us, Tourncf.2 14. 
Baspberry, 203. 

Batoy 205. 

liavennla, A flans. .387. 

1 iK A r ,'»r r r i a( ’ Kje, 232. 
JM Ccflar, 400. . 

Bed Battle, il35. 

■ Bed Seaweeds, 432. 

Bed SnmVy 4.30. 

Bccdy 400. 

Beindcer Moss, 443. 
Keaeda, L. 210. 
IlESKliArKJE, 210. 

Besin, 400. 
lll>«TIACE.®, 400. 
Postio, Z. 400. 
Besftrrect.itm plants, 41.3. 
P HA MN A CT.A^y 2.5 1 . ’ 

llhainiius, Juss. 2.51, 
Phapis, Z. fi.L .305. 
^Bkfdanyy2m. ' 

* PHoum, Z. 330. 

IMidxia, NftU. 2(^1. 


"Rhinantliua, Z. 333. 
•Pbipsalia, Grain. 28.3. 
PHIZOROT.KJK, 220. 
RhizoiVkns, 103. ‘ 
Phizqp^ora, Lam. 207. 
PhIZOPJ lOR A(.’ K-E, 2< >0. 
1 1 IK) DO DEN DR E®, 304. 
lMiO(l()d(*ndron, Z. .304. 
Phodoleia, Champ. 280. 
Pliodonudn, Ayh. 4.3.3. 
Phodomei.e®, 4.‘}.3. 

P I rODO SPER H K A‘2, 432. 
Bhubarh, .‘».37. 

Plins, Z. 2.52. 

Pibea, Z. 285. 
PlRESIArK.K, 28-5. 
ilieeia, Mich. 420. 
Pi(‘(MArr.jE, 420. 

Biccy 390. 

Bice-paper, 200. . 

Picharriia, Kunth, 370. 
1 J i f *1 1 arilsonia, Kunth, 
201 . 

PlHiins, Tournef. .317. 
Piason, Arn. 2.30. 
Pivularia, Both, 4.30. 
Road -weed, . 308 . 
Boeumbolr, .377. 
IJocndla, DC. 441. 
Boric Buses, 21 7. 

Pod I nova, Z. 200. 
PondoJt'fiii, Bl. 204. 
Posa, Tournef. 202. 
:l0SAl!K-E, 200. 
ilosKA?, 201. 
Vuse-apples, 204. 
Tlitscmary, 328. 

Hoses, 285. 

Hosetnunl, 258, 

IlosiD.®, 2r>2. 
llnaiiuirinua, Z. 327. 
itottlera, Bosrh. 347. 
[kOXRX'RfiHIAfK-®, 373. 
Jioyfiia, Z. 312. 

Piibia, Tournef. 204. 
kPl’RlAf E-E, 2iK3. 

Kiibus, Z. 202. 
Piidl)i*ebia, Z. 298. 
Rucy 240. 

Pumex, Z. .330. 
Puppia, Z. .394. 
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Riiscus, Tmrnof, 375. . 
378. 

Hi&ts, 453. • , 

R iita, 2ounfojL 245. 
JiUTArKJE, 24o. 

70/i>, 3JM). 

Erffot of, 452. 
Eye-tfrasis, 300. 

Sabndilht, 378. 

Ssibal, Afbi/ia, JUiii. 

S A i» I A c 1C .13, 204 , 253. 
Sacoharuiii, 3t)0. 
tSaJ/fotrrr, 300. 

Saffroit, 301. 

Stiff open H m, 280. 

Sttffo, .328. 

.Sa»ina, L. 222. 
^a^iltaria, L. 303. 

Sfif/o l\ihm, 3li0. 
Sfiffo^piinita, 400. 

SajjfUH, (iforlH. 3(55. 
Saintfoin, 257. 

Salvp, 384. 

Salic AC’ 13.13, 350. 
Salii'oniia, Toitni. 330. 
Sjilisbiina, Sm. 40(5. 
Salix, L. .‘15(5. 

Saihws, .35(5. 
Saloiiionia, Lour. 23(5. 
Salpijrlowsis, li. *$' E. 
333. 

Salsfi fi/, 301 . 

Snlsolli, X. 339. 
Sai.vadoiiack.®, 307. 
Salvertia, Sf.. Tfil. 2(57. 
Salvia, X. 327. 
Salviiiia, Midi. 411. 
Sambucus, Tourn. 202. 
Samolufl, 7V«/7 vw/. 310. 
Samphire, 280. 
Samydack.®, 279. 
Sandal-wood, 343. 
Sandal-wood, red, 258. 
Sandara<\ 40(5. 
Sand-fp'nsAVB, 400. 
San^iinarin, 210. 
SANGUisonnEiK, 201. 
Saoicula, Tofimef.2S7. 
Sansevicra, Thum. Vt75. 
SA-VTAT.Ar.R®.-348. 


Santalum, X. 343. 
Sap-yrven, 251. 
Sat*int)ACEA 3, 233. 
SAPINDKiK, 2.3.3. 
iSapiii((tis, X. 2.‘i3. 
l^apodilla-jdum, 312. 
Sapoiiaria, X. 222. 
Stponine, 223. 
Sapotaceac, 311, 
Sapvia, Or iff. 301. 
Sapdodkonik-®, 438. 
Sapt/rapa-mitit, 2(55c 
Sarvocoh 34(5. 
Sai-cocolla, Kth, 340. 
Sarcoplivtti, Sparm, 

3(50. 

Sarjrassnm, limnfih, 

435. 

Sarracrt'iiia, X. 207. 

S A ll H AC K .VIA CE AC, 207. 
Sarsaparilla, 374. 
SaraapariUa, wild, 21X). 
Sassskfras, Neen, 340. 
Sadf^afras, 341. 
Sitifl-wood, E. 1., 238, 
Sauraja, Willd. 220. 
SAt.:KA.IK..E, 22i). 
S-mridia, Haro. 389. 

S A 1 ' I* u R A-C E AC, 358, 
Sauriiriis, X. 350. 
Saussurt'a, DC. 298. 
SAirVA(5KSIAr!EA.3, 220. 
Saoine, 4()(>. 

Saoorff, 328. 

Saxifni»ra, X. 272. 
Saxifragace.®, 271, 
Saxifiia(iat.es, 271. 

• Saxtfrageac, 272. 
Sa.rif rapes, 27.3. 
Scabiosa, Jto?n.^Schtdt, 
200 . 

Scahwm, 297. 
Scale-Mosses, 423. 
Svanimony, 320. 
Scapliopi^lum, Mast. 

SCKJ>i^EAS, 340. 

Scheuclizeriti, X. 303. , 
SchinuB, X. 252, 
SchizaBa, ^nith, 4f7.* 
Sc ttAace a 417. 


ScbizaiKlra,*X. C. Jitwh. 
204. 

iS(’HIZANDItACEA2, 204. 
Schizaiiibiis, E. ^ P. 
^333. 

Schizope^lon, Hook. 
214.. 

SchceniiB, X. 401. 
Schotia, Jacq. 255. 
Scliwuinitzia, EU. 304. 
Scdlla, X. 375. 

Sdo Turpovtine, 253. 
Scirpus, X. 401. 
SCDEIlANTirEAC, 275. 
SclnranthuB, X. 275. 
Scolopoiidriuin, Smith 
416. 

Scorzonora, X. 301. 
Scotch Eir, 404. 

Screw Pines, 309. 
Scropliularia, Toumef. 
3>i3. 

' SCROPHULARIACKiE, 

323, 332. 

Sa'fdihy Oak, 229. 
Sea-Buckthorn, 

Si a^Kale, 215. 
Seaweeds, 428. 

Sea- Wraclis, 434. 
Socale, Ij. 309. ' 
Secliiiim, P. Br. 280. 
Sfccotiimi, Xsc. 449. 
Sociiridoca, X. 236. 
Sedpes, 401, 

Sedum, X. 274. 
Selaginaceje, 329. 
Scdaginolla, Spring. 412. 
Semecarpus, X. 25§. 
Senyxen Contra, 299. 
Sempervivum, X. 274. 
Seneuiora, Pair. 214. 
Senecio, Less. 298. 
Semia, 258. 

Sequoia, 406. 

Serratuia, DC. 298. 
Sesamum, X. 330. 
Scauvium, X. 276. ' 
Sotoria, X. 397.* •• 
Setnlle Orange, 239. 
Shaddock] 239. 

Shidlot, 377. 

'2s5 
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Shaho, 390. 

Shainoola^ 399. 

Shea, 312. 

f hurardio, jyiU, 294. 

horea, Roxh, 22%, 
Sicyos, L, 280’. 

Sida, X. 224. • 

Silaus, Bess, 288. 
Silene, X. 222. 

SlLENKJE, 222. 

SUh-cotton-trees, 225. 
SUk-tceeds, 430. 

Stiver Fir, 405. 

Simaba, AnhL 247. 
Siniaruba, AuhL 247. 
Stmajiubaceje, 247. 
Sinnpi8, Tonrnef, 214. 
Sinffhara-mU, 270. 
Siphocampylus^ Pohl, 
301. 

Sis^Tnbrium, X. 214. 
Sisyrinchium, X. 391. 
iSkinnera, Forst, 209. 
Sliiwk^cahhage, 371. 
Sinenthmannia, Soland, 
278" 

Smtlace-S), 374. 
Sinilax, X. 374. 
Smyrnium, X. 287. 
SnaJie-ffourd, 281. 
Snahc-nvt, 234. 
Smhe-root, 236. 
Snap-dragon, 335. 
Stiow-herry, 293. 
Snowdrop, 388. 
Snowdrop-tree, 814. 
Smnc-flake, 388. 
Soap-root, 223. 
Soap-worts, 233. 
»S0LANACE^., 321, 323. 
Solanum, X. 323. 
eolidago, X. 298. 
Sollya, Lindl. 248. 
Solomon^s Seal, 377. 
S&nchus, X. 299. 
Sonerila, JRoxb. 269. 
So^hora, X. 255. 
Sorghimi, Pars, 397. 
Sorrel, 336. 
Somii-nuts, 2*30. 
kour-sopB, 202 . 


Southcm-ioood, 299. 
SlVVDlClFLOlliE, 194, 
305. 

Sparjranium, X. 309. 
Sparniannia, 228. 
SpecdireU, 335. 

Spelt, 399. 

Spergiila, X. 275. 
Spergrulaiia, Pcrs, 275. 
Spomiac(>ce, X. 294. 
Sphneria, X. 452. 
Sl*HA3RIACEA3, 452. 

452. 

SplifRrocarpus, Mich. 
420. 

Sj'ir.EROCOffCK.E, 453. 
Splurrococcua, (Irev. 
433. 

Spbferopboron, Pers. 
441. 

SpL'croplca, Agh. 437. 
iSphferostema, Blmn. 

204. • 

Sphaonaceje, 442. 
SpliapTJnm, IHlIen. 422. 
Spider-worts, 379. 
Spi^^elia, X. 314. 

Spike, oil of, 328, 
Spikenard^ 2^K>. 

Spmach, 339. 

Spinach, Neio-Zealand, 
270. 

Spinacia, Totmwf.-^i3S). 
Spindlc-tree, 251. 
■Spiraja, X. 202. 
Spirasidje, 2<)2. 
Spiroj^ra, Link, 437. 
Splachnum, X. 421. 
Split-Mosses, 423. 
Spondias, X. 252. 
Sporooamia, 410. 
Spruce Fir, 405. 
f^urge Laurel, 344. 
Spurrei/, 223, 

Stnavia, Thunh, 280. 
Staohys, Benth, 327. 
^tackhou8Iacb.e,251. 
Sta^aria, Jack, 252. 
S^all^eria, M4tore, 4!!Jd. 
Staiihopea, 


Stapelia, X. 318. 
Staphylea, X. 234. 
S.TAPilYj'iEACEii:, 234. . 
Sfar-Ani^, 201. 
Star-apple, 31 2. 

Star- wort, 359. 

SUirch, 3(58. 

Statice, X. 300. 
Staimtonia, DC. 204. 
Stavesacre, 199. 
Stellaria,.X. 222. 
Stkllatje, 294. 
Sb*iiu)iiiti.s, (lied. 449; 
St( ‘1 )1 1 anosplift'ra, Cohn, 

440. 

Sterciilia, X. 220. 

STERri'LlA(^E-E, 220. 
STERcrijiwE, 220. 
Storoocaulon, Schreh. 

441. 

Stiola, Schreh. 441, 

St. Ignatius 8 Bean, 315. 
Sttlagixack.e, 352. 
Stilajro, X. 352. 
Stinging-tfcttle, 351 . 
Stipa, X. 35)7. 

St. John-s-wort, 231. 
Stock, 215. 

Stone-crop, 274. 
Stone-pine, 405. 

St^wa.r, gum, 313. 
Storax, lifiuid, 28(5. 
Strashurg Turpentine, 
40(5. 

Striitiotes, X. 392. 
Strawberry, 2(53. 
Strolitzia, Banks, 387. 
Streptocarpus, Limll. 
331. 

Stringy-harks, 205. 
Strycbnos, £. .‘514. 
STYLiniACEJE, 302. 
Stylidium, Sw. 302. 
Styracace-e, .313. 
Rtyrax, Tournef. 313. 
Hiibularia, Adam. 214. 
Succory, 3(X). 
Suf/ar-cane, 399. 
Sumach, 253. 

Sun-dews, 218. 
Sun-llower, 300. 
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Stm~hempj 224. 
Surinnin SfciUnrt 312.* 
Swamp l*in€, 4()5. 
Swnrtzia, WUM. 555. 
Siveet-lrafy !>?>. 

Sauuit rdtaio, 321. 

Strccf-snp^ 202 . 

Sivtrf- Vernal Grass, 

. 300. 

Sweet Violet^ 220. 

StiY^f. William, 223. 
Swieteniii, Ll 233. 
Sffmmorv-fuj, .352. 
*Syinplion(.‘ai'piis, Dill, 
202. 

SyitjpliyhiTn, L. 325. 
Sy.nsi*ojij:/E, 4.‘i 0, 
S;STiiip:a, L, 30(J. 
fiyrimja, 273. 

Tnhasheer, 400. 

TabeniJ 0 nn nitana, 
IHum, 317. 
Tacamahaea, 23»1 . 
Tnj?et<‘.s Tournvf, ^,18. 
'I'aliiiiiiii, Athms, 275. 
Talliuv^frec, 231. 
Tamaiuca('K.'E, 220. 
Tamarind, 258. 
Tnmariml-’plinn, 258. 
Tamarindus, L, 255. 
Tamarisk, 220. 
Tamnrix, 221. 

Tannia, L. 373. 
Tan^hinift, Thmmrs, 
317. 

Tanyle, 430. 

Taonia, J. Ayh, 434. 
Tapioca, 340. 
Ttfm,371. . 
TaraxacuTih Jttfis, 200. 
Tart'af/on, 21)0. 
Tasmaimia, It, Dr, 201. 
TAXACEiK, 400. 
Taxodium, i, C. liich. 
404. 

Taxus, X. 400. 

Tea, 230. 

Tea, Cape of Good 
Hope, 3()b. 

Tea, Taragmy, 313. 


Teak, 320. 

Teazel, 200. 

Tocoiua, Jnss. 330. 
Tectona, L, 328, 

T(f, 300. 

Tellairia, Hook. 280. 
Tkhkuinttiacka-j, 252. 
3'evmiiialia, L, 208. 
Tekmixalieje, 2i»8. 
Temsti’(L*mia,il//?/7.220. 

Te It NSTJMKMl ACE.E, 

220 . 

Teuxstimemieas, 221 >. 
T(;tilla, DC. 273. 
'J'etmeera, X. 200. 
Telrafyonia, X. 275. 
Tetrabados, J£, Dr. 282. 
Totmntlicni, Jaap 340. 
'I\*lrapatlut»a, JW. 278. 
Tcjtiaphis, Ilahc. 421. 
Tcti’uppora, Dec. 437. 
Teucrium, X. 327. 

T 11 AT.AMIPLOUJE, 107. 
Thrfictmm, Touraef, 
108. 

Th ATA.O f! AMIA, 414. 

THALiioaExs, 427. 
Tiiallophyta, 102, 
427. . 

Tliiiiiinochoitus, Berg, 
•400. 

Thapsia, X. 288. 

Thoa, X. 2;K). 
Tliwibroma, X. 226. 
Tlu‘ 0 ])lirasta, Jms. 311, 
Thosiuiii, X. 343. 
Thisinia, Griff. 384. 
Thistles, 301. 

Tlilaspi, DUl. 214. 
Thorn-apple, 324, 
Dmft, 300. 

Thuja, Toumff, 404. 
Thunberfria, X. 3^. 
TItyme, 328. 
^Thymelackar, 344. 
Thymu«?,'X. 327. 
Ticorea, AM:2A14, 
Tiopidia, Jim. 300. 
Tilia, X. 227. 
Tiliaceab, 227. 

TillAa. Mkh, 274. 


Tillaqdsia,*X. 301. 
TmesipteiiSjXcrM. 412. 
Toad-fla.r, 335. 
Toadstods, 450. 

Tobacco, 324. 

Tocusso, 600. 

Todoa, WiUd. 417. 
Toheldia, Huds. 378. 
Tomato, 324. 
Tonka-hean, 258. 
Toumefortia, R, Br, 
326. 

Tom-les-mms, 387. 
Tradescontici, X. 379, 
Tragacanth, 226, 258. 
Tragopofjon, X. 209, 
Trapa, X. 269. 

Tree of heaven, 247. 
Tromandra, R. Br. 236. 
Themandkaceje, 236. 
Ih-emella, DUl 460. 
Trehelleje, 450. 
Trianosperma, 280. 
Tribulus, Tmmnf. 244, 
Tricerostea, I^t'esl, 282. 
Tnchia, IlaU. 440. 
Triclioclatlus, Pers. 286, 
Trichocolea, A^ees, 424. 
TttiCHoaABTiiE-a:, 449. 
I’ricliomaiios, L, 417. 
Tiicliostomuin, lledw, 
421. 

Trifolium, L, 256. 
Triglochin, X. 3V)3. 
Tiimurn, MiU. 374. 
Tripe de roche, 443. 
Triphaaia, Lour, 239. 
Tripsacum, 309. 
Triticum, X. 307. * 
Triuinfetta, Hum. 227. 
Trixia, P. Br. 200. 
TllOP^O*LACEiE, 243. 
Tropceohim, X. 244. 
Traffics, 449, 451. 
Trumpet-flower, 330! 
Trumpet-lily, 371, 
Tuber, Mick. 450. 
Tubebeas, 450. 
Tuberose, 377. 
TuBiFLeiL®, 208. 
Tulipa, T<mmef,d76, 
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Tulip-tree^ 201. ■ 

Tupa, tr. .301. 
Tnrkey-reih 2i>. 
Turmeric, 38o. 
‘Turnora, JVw/n. 270. 
TrRNERACEJIS, 278. 
Turnip, 21.5. 

TimiMile, 840. 
Turpentine, 406. 
Tussac-ffrasa, 800. 
TuRsilagro, 7V>?/-rwf/.208. 
Tympanis, Ttuf. 452. 
Tj^^iha, L. 8()0. 
TypHACEja, .360. 

TTdora, Nutt, 802. 

Vhx, L. 255. 
ITlxMace^, .352. 
(JLMEiE, .353. 

Ulmus, L, 35.3. 

IJlva, Agh 4.37. 

UMDEfXIFEIliE, 280. 
I^mbilicaria, 

441. 

rxirKl.LULARKa, 438. 
Upm tmd4, 31.5. 
ifpaH-tree, 352. 
IIllEDlNEJE, 452. 
UllENB-«, 224. 

TJrcra, 350. 

TTrkre.^, 350. 

ITrtioa, Tournef. .350. 
TTrticace^e, .1.50. 
listeria, WillA, 314. 
Iltricularia, L, 3*35. 
TJvaria, Z. 202. 
Uva-ursi, 305. 
Uvijlana, Z. 378. 

VACCINIEiR, 303. 
Vaccinium, Z. 304. 
Valerian, 205. 
Valeriana, Neck. 206. 
Valkrianackje, 205. 
VallisTieria, Mkh. 302. 
Vdonia, 355. 

Vanda, R. Br. .382. 
Vfiinilla; Sw. 382. 
VaniUa, 884. 

Valeria, Z. 22B. 
T^aucheiiai DC. 437. 


V.\rrnERTE.^3, 438. 
Vegetuhle Imrg, ilOS. 
Vcf/cf/thle Marroir, 281. 
Vtilozia. Mart. ;lrt0. 
Venice Turpentine, 480. 
Ventuis ¥ly-irap, 218. 
A'tiratnim, Tournef. 878. 
Verba s(‘uui, Z. .3;l.3. 
Verbena, Z. .328. 
VKHTlKNArEiK, .328. 
‘’N’^KUr.KNE.E, .328. 
Vernnl-grim, .300. 
Veronica, Z. 8.3.3. 
VtTruearia. Peru. 441. 
Vervain, .328. 

VvfiveH, 300. 
Vil)uniuin, Z. 202. 
Vieia, Z. 255. 

Vicbma, LinfIL 206. 
Villai’Ria, Vent. .310. 
ViiKfa, Z. 31 7. 
Viiicetoxiciim, Mwnch. 
318. 

Vine Mildew, 45.3. , 
VincH, 240. 

Viola, Z. 210. 

. VlOJ,A(!RJB, 210. 

Violet, 220. 

Virginia Creeper, 240, 
Virginian Snake-root, 
3(}2. 

Virola, Avhl. 341. 
Visciim, Tmirnvf. 343. 
'V'isniia, Velha, 232. 
•VlTACKJE, 248. 

Vitex, Z. 828. 

Vitis, Z. 240. 
ViVlANACEiE, 243. 
Vocliysia, Jtm. 267. 

V OC 1 1 YSTAOKiJJ, 2< >7. 
Voi.VOCINTE.®) 440. 
Volvox, Lam. 440. 

WalUfioweT, 215. 
Wdnui, 854. . 
Waltlieria, Z. ‘220. 
Wampee, 240, 

, Wairee, .300. 
Whter-beanJt, 207. 
Watbr-chednut, 270. 
WaUr^cress^ ^ 15 ., & 


W der-hemloekf 280. 
IVater-lilivs. 207. 
lVater-i)4pperti. 232. ' 
IVater-we^d, .*i02. 
Wa.r-Mipile, HHij. 
lfWd,:>lT. 

AVelwitscliia, Hook. f. 
407. 

Wvrmufh, 2i)0. 

Wheat, .300. 

White ru^f, 45.3. 
Whortle-lwrrg, 305. 
Wig-plant, 258. 
WiMenovia, Thunh. 
4(X). 

Willows, 356. 

'WlNTKin^E, 201. 
Winter Aconite, 100. 
Winter-green, .305. 
Winters hark, m. 
Witch-Hazel, 280. 
Wood, 215. 

Woid-oit, 2.38. 
Wood-Swrell,2W. 
Woorali, .315. 
Worm-mud, .3.30. 
Wormwood, 200. 
AVrijrliiia, R. Br. 317. 
Wych Elm, 35.3. 

Xantbochyinus, Jtoxh. 
231. “ 

Xaiitliopliyllum, Itojvb. 
230. 

Xantliorrlia'a, Sm. 376. 
XaNTIT()XY1.ACE.E, 

246. 

Xazithnxylon, Kunth, 
240. 

• Xerantbemum, Tournef, 
208. . 

Xylophvlla, Z. 347. 
Xylopia, Z. 202. 
Xyridaok-e, 370. 
Xyris, Z. 879. 

Yams, 372. 

Yeast-plant, 454. 

Yellow RaUle, 335. 
Yellmo-roat, 100. 
Yellow-wowlf 238. 
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Ynr-trcrs, 406. 

Yucca, i. 67»'>. 

Zniiiia, L. 40}). 
Zjiiiiiicliellia, Aftch. 694. 


Zoa, z. am. 

Zt;?trfi~woot?, 25.6, 295, 
Zedoan/, .*{85. 
Ziufjiber, Getrfti, .685, 
ZlXGUjEUACEiB, .‘585. 


J^innia, Z.*298. 

Zizypliiis, Tourmf. 251, ' 
Zo:^tera, L. .{94. 
ZYGOl'IIYLr.AClSJE, 244. 
Zy<^opbylliim, 244. • 
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[Till* PT|il»nationd of i 

Abaxial cTnbi^o, 15.6. 
/\.bbrrviatf)ry Tiinrks, 80. 
Abortion, 88, *M», 91. 
Abru])11y pinnate, 59. 
AI>sorption, .501. 
AccfH»(>rv buds, 08. 
Accrcscfiit. calyx, 102. 
Accnnilieiit cotyledons, 
152. 

Accrofic, 54. 

Acbnenc, 140.’ 

Acb.Tnimn, 140. 
Acrbluinydcmis, IK). 

Acids, orf^anic, 576. 
Acpobrya, .510. 

Acrogens. steins of, 510. 
Aculei, 05. 

Aciiniinute, 55. 

Acute, 55. 

Adbercnl, 05. 

Adhesion, 88, 04. 

Adnate anther, 114. 

stipules, 40. 

Ad vcTititioiis buds, 08,581 . 

routs, 17, 18, 525, 

5,69. 

Aiirial roots, 10. 

systeni, 512. 

Aeropliyin, 10, Ml. 
Aestivations 72, 08. 

Airo of plants, 549. 
Air-canals, 512. 

Ala*., 105. 

Alate. 49. 

Albumen of seeds, ISO. 

centrale, 156. 

pcriphcricum, 15.6. 

AlbuTninous (seeds), 151. 
Alburnum, .526. 

Aleurone, 490. 

Alga, morphology of, 428. 


he teehnieal are tfiven at 

Algje., rcj}roduction of, 
.580. 

Alterniitc, 40. 
Alleniipiimatc, 00. 

Altit udc. regions of, (>45. 
Amber, (i7l. 

Amentum, 70. 

A II miotic sac, 1.51. 
Ampbigiistria, 426. 
Ampitisarca, 14.5. 
;\.iiiphitropou8, 161. 
Ajiiplcxicaiil, 55. 
Amyloid, 480. 

Anatomy of lea\cs, 528. 

of mots, 524. 

of stems, 515. 

Aiiatrojanis, 1.*^). 
Andrireiuni, 116. 
Andro]>lu»re, 07. 
Andmsjmros, 591. 
Aiigiospcrmia, 10. 

— , ovules of, t»10. 
Angiospora;, 10. 

, reproduction of, 

505. 

Angubir, .‘{8. 

divergence, 42. 

Anisoincrous, 01. 
Anisostciiionous, 117. 
Annual plants, .547. 

rings of Dicotyle- 
dons, .521. 

stems, .62. 

Annular cells, 484. 

vdiTscls, 502, 504. 

Annulus of Ferns, 418, 
An%'p, 113. 

, faces of, 114, 

, forms of, 115'. 

, structure o#, 580. 

ij§ieridj^, 410, 6S3, 089. 


lie- iMipes referred to.] 

Antberidia of Algaj, .589. 
Autherozoids, 552, .589. 
Aiitliocjirpous fruits, 140. 
Anthophore, 07. 
Antliracite, 070. 
Aj)etalous, IK). 

Aj)ex of b^f, 55. 
Apocarpous fruits, 167. 

))istil, 122. 

Apolb(*cia, 442. 

Anibinc, 497. 

Arbor, .‘{9. 

Arbusculus, .60. 
Archegoiiia, 5,6.6,^)08,001 . 
Arcuate embryo, 152. 
Areas of distribution, (J.67. 
Arillodw, 150. 

Arillus, 150. 

Arista, 111. 

Articulate, 38. 
Articulation of loaves, 4(5. 
Art iticiid classifications, 
181. 

Ascending, 38. 

ovule, 129. 

x^Bcent of sap, 505. 

Asci, 445. 

Ascidia, 06. 

Assimilation, 57f6. 
Astomous, 422. 

Atropous, IJIO. 

Aiiriculate, 55. 

Authority for names, 167. 
Awl-shaped, 53. 

Awn, 111. 

Axial embryo, 153, 

roots, 1 7, 526/ 

Axil, 22, 60. • .. - 
Axilo placentas, 124. 
Axillary buds, 22, 67. 
iimorcscence, 72( 
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Axillary stipules, 49. 
Axis, ascending, 21. 

, hypocotyledoiuury, 

22 . 

Axogamia, 10, 597. 
Axophytfi, 10. . 

Bacca, 140. • 

Balaiista, 147. 

Balsams, 577. 

Banyan -tree, 20. 

Bark, 50S. 

Basidiosj^ores, 445, 534. 
Basidiuin, 445. 

Basilar stylo, 120. 
Bassorin(‘, 4t)7. 

Bfist, 523. 

Bentlinm and Hooker’s 
System, 194. 

Berry, 14.5. 

Biemiial ]ilants, 547. 

stems, 33. 

Bignoniaoere, stems of, 521. 
Bilabiate oilyx, 102. 

— corolLi, KXl. 
Bilocular anther, 1 10. 
Binary ilowers, 87. 
Bipininfte, (>0. 
Bipinnaiind, 58. 
Bipinnatipartite, 58. 
Bipinnatisect, 58. 
Biternato, (K). 

Blade, 40. 

“ Bloisding,” 509. 

** Bloom” of fruits &c.,578. 
Botanical geography, 041. 
— ^ gfi<>lt»gy, 670. 
paper, 4. 

— regions, 0.53. 
Botlirenchyma (pitted tis- 
sue^, 502, .504. 

Bracteoles, 74. 
Bract-region, 24. 

Bracts, 40, 72, 74. 
^istles, 62. 

!Evoom-rapes, 21. 
Budding, 584. 

Buds, 60. 

— l.,advcntitiou8, 68,581 . 
— , axillary, 22. 

— oil roots, 21. 

— tenhinal, 22. 

, winter, 70. . 

Bud-scales, 69. 

BiAlb, 25. 


Bulbils. 20. 

-Bundles, definite, .508. 

, fibro-vascular, .500. 

, progressive, 508. 

, aiiiiulbineoiis, .507. 

, vascular, of Dico- 
tyledons, 507. 

Caduixius, 8.3. 

calyx, 102. 

corolla, 108. 

Calycifloral, 95. 

Calyx, characters of, 100. 

, common, 79. 

f lobes of, 101 . 

, throat of, 101. 

■ *, tube, 97, 101. 

Cal vpira (of Mosses), 421, 
.598. 

Cambium-region, .500. 
of Monocotyle- 
dons, 518. 

of Dicotyledons, .520. 

Campanulate. 101, 105. 
Campylotropous, 13}. 
Canaliculate, 48. 

Canals for secretions, 514. 
Cancellate-ncrved, 52. 
Cooutehouc, .578. 
Capillary, 114. 

action, .505. 

Capitate stigmas, 127. 
Capituliim, 78. 

Capsule, 143. 

Carbon, assimilation of, 
574. 

Carbonate of lime, excre- 
• tion of, 578. 

Carbonic acid, absorption 
of, 571. 

— , evolution of, 572. 
Corccrulus, 14^1. 

Carina, 105. 

Carpels, 120. 

— - of Gymnosperms, 
128*. 

Carpophore, 97, 136. 
CaryupliyllaceouB corolla, 
104. 

Guyopsis,, 143. 

Catkin, 70. 

Qaudex, 35. 

CaudieJe, 120. 

Cailliffie (=bygoootyle- 
donary axiBj^^2. 


Cauline leaves, 40. 

Cells of anthers, 115. 

of ovsiries, 123. • 

Cells, 470. 

, anniAir, 484. 

, circulation in, 552. 

— clathrato, 483. 

— , colonies of, 499. 

, conducting, 501. 

, contents of, 488. 

— ,developTucnt of, 531. 
— — , duration of, 549. 

, fibrous, 483. 

, form of, 472. 

, magnitudo of, 470. 

, nucleus of, 491. 

, perforated, 482. 

, pitted, 480. 

, reticulated, 484. 

, scaluriform, 484. 

f spiral, 483. 

Cell -division, 531. 

Cell formation, free-, 531, 
534. 

Cell-life, 551. 
Cell-membrane, composi- 
tion of, 487. 

, molecular structure 

of, 478. 

Cell-wall, 477. 

Celluliir envelope, 520, 
,523. 

■ — system, 505. 
Cellulose, 485. 

, d(;teclion of, 480. 

Central plac/cntas, 124. 
Centres of diffusion, 037. 
Centrifugal inflorescence, 
75. 

Centripetal inflorescence, 
75. 

Ceramidium, 431. 
Cernuus, 38. 

Clialaza, D30.. 

Characese, reproduction of, 
595. 

“Chamcter8”ofplnnts,173. 

, diagnostic, 171. 

Cliomical test, 5. 
Chemistry of vegetation, 
558. 

Chlorophyll, 402. 
Chorisis, 89, 214. 
Cicatrix, 49. 

Cinenchyma, 509. 
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Circinato, 71 . • 

Circulation in cclla, r)52. 
— •— of sap, r)7Q. 
Circuinscdssilo delii^nco, 

im. 

Cirri, 03. 

Cladodc, 30. 

Cladopbora, cell-division 
of, 

Classes, Tiinnean, 183. 
Class! ficaiinn of fruits, 
138. 

, principles of, 155. 

, systems of, 181. 

Clntbralo eclls| 4S.‘’i. 

Claw of petals, 103. 
Climate, 031. 

Climbing plants, 38, 030. 
Cloves. 20, 582. 

Cojil, 070. 

‘Cojits of ovule, 129. 

Cocci. 135. 

Coccidiinn, 4,31. 

Coclil ear i form, 104. 
CfenantbiiiTn, 81. 
Cohesion, 88, 93. 
Coleorliizii, 18, 525. 
Collar of stems, 520. 
Collateral niultiijlication, 
89. 

Collcncbyina, ,501. 
Collcnehyma-cellB, 501. 
Colloid, ,502. 

Colonics of eolls, 409. 
Coloured light, action of, 
.571. 

Colouring matter of 
flowers, 498. 

Columella of Mosses, 421. 
Column of OrcliidH, 123, 
Coma, 149. 

Coitiinon calyx, 78. 
Common receptacle, 78. 
Complete flbwcr, 88, 90. 
Compound flower, 78. 
fruits, 145. 

— glands, 513. 

inflorescence, 81. 

leaf, 51, ,58. 

— pistils, 122. 

stamen, 89. 

umbel, 77, 

Compressed, 38. 

calyx, 102. 

Pr^YinavA nntak 104 . 


ConceptiUjles, 433. 434. 
Conco]itiMmlum, 14,3. 
Condition of food, 504. 
CondnplicAtc, 71 . 
Conducting colls, 501. 

tissue, 530, 

Cone, 70. 

Con fervoids, reproduction 
of, .591. 

Coutlucnt. fruits, 147. 
Conidia, 1.54, 5,34. 
Coniferir, reproduct ion of, 
008. 

, stems of, 519. 

, wood of, ,521. 

Conjiigsition, ,590. 

in Fungi, ,589. 

Connate laives, 5,5. 

— - stipules, 50. 
Connective, 115. 
Conniveni sepals, 101. 
Consistent of leaves, 01 . 
Contact action, n.")!?, .574, 
Contents of cells, 488. 
CJonHortcxl lesi ivation, 99. 
Convobite, 72. 

Con V ol lit i vc»irarf:i7at.ion ,99. 
Cordate, ,5^5. 

Coriiieooiis, 01. 

Cork, 511. 

Conns, 27. 

Corino]>byta, 10. 

Corolla, ciiaraclersof, 103. 
CorolliJloral, 95, 

Coronsi, 107. 

Coronet, 107. 

Corpu8cIc.s, germinal, 00,3, 
(ill. 

Corpuscula, 

CoiTug.afe\ 99. 

Cortex of fruiis, 13,3. 

Corl ieal system, 508. 
Corymb, 70. 

Corymbose cyme, 80. 
Costsv, 51. 

Cotyledons, 15, 153. 
Creeping, 38. 

Cremocarp, 14G. 
Crenato;'50. 

Crested potalsf 104. 
CristJt, 104. 

Cruciform corolla, 104.» 
Crude sap, 505. 
Cr^togamia, lOf,# 

— Jt* uidigphology of, 153. 


Oryptogamia, roots of, 

Crystals, 499. 

Ceystailoid, ,50,3. 

Cubic eolls, 474, 

Culm, 33 
Cunoate, 53. • 
Cup-sluL^icd, 101.. 

Cuptilc, 145. 

Curved embryo, 152. 
f^lrvi nerved, 52. 

(bis(!iitii, 21. 

(bisyiidate, ,55. 

Cuticle, 511. 

Cuttings, .527, 58,3. 

C.v(‘b‘. 41. 

Cylindrieul, 101. 

cells, 472. 

Cyme, 39, 79. 
Cyruirrliodum, 142. 
Cypscla, 145. 

Cys(.olitiio8, 499. 
Cytobiast, 491. 

Dark, plants grown i 1 1 u 
572. 

Darwin’s hypothesis, l(i2. 
Death of iilants, 

1 )o Candolle’s System, 192. 
Deciduous, 83. 

eal.v% 102. 

corolla, 108. 

leaves, 01. ’ 

DecUnato stamens, 118. 
Decomposition of carbonic 
acid, 572. 

Dcoompound, ,58, 00. 
Decumbent, 38. 
Docurrent, 49, 

Decurrent leaves, 55. 
Decussate, 45. 
Dcdoublemont, 89. • 
Definite inflorescence, 75. 

vascular bundles, 

508. 

Deflnition of plants, 542, 
Deflexed, 39. 

Defoliation, 521, 52SL 
Debiscenceof anthers J 17. 

of fruits, 133. 

Deltoid, 53. 

Dentate, 50. • 

Deposits, secondfary,'479, 

, siliceous, 487. 

, tertiary, 485. 
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DeriTativo hypothesis^ 
IGl. 

Descent of sa)), 570. 
Description of plants, 170. 
Dovclopmeiit, 575. 

, liiws of, 545. 

■ of et41s, 5;il. 

of, floral organs, 541. 

• of leaf-organs, .^>40. 

of ovules. 541, till). 

of roots, 5iiG. 

of stanicn.s. 541. 

of stem, 5iW. 

of stomata. 536. 

of vc.s.sela, i<i7. 

, ])r(»gressive, 83. 

, siiriiiUaneous, 541. 

, sucwssive, 541. 

Dextrine, 485, 466. 
Dextrorse, 100. 
Diadclplious. 110. 
Dingno.scs of plants, 176. 
Diagno.stio tables. 170. 
Dia1y.sepalous, JOO. 
Diandroijs, 117. 
Diatornaceaj.reproduction 
of, 5<K). 

Dichlauiydeoiis, 90. 
Dichoganious, (ii5. 
Diclcsium, 141. 
Diclinous, 90, 1 1 2, 61 5. 
Dicotylcdoncs, 10, 14. 

, ro5ts of, 526. 

steins of, 519. 

Di(lynaiiious, 118. 
Diluision, centres of, 637. 

of fluids, 502, 564. 

Dictate, 60. 

Dilated ifilament, 1 14. 
Dimerous flowers, 87. 
Dimidiate anther, 116. 
Dimorphism, 615. 
Dieccious, 90. 

Diplotegia, 146. 
Direction of seeds, 148. 
Discoid floreta, 79. 

Disk, 79, 97. 

Di»;,sected leaves, 58. 
Dissepiments, 1^. 
Distichous, 41. 

Distinct, 93. 
Distribution, geological 
causes of, 639. 
Divaricate, 39. • 
Divergent sepals, 101. 


*l)iverticula, 611 . 

Division of cells, 475. 
Dodder, 21. 

Dorsum of anther, 114. 
Dots of cell- membrane, 
479. 

Dott(.*d ductj), 504. 
Doubly dent-ate, 56, 
Doubly s(*rnite, .56. 
Dracicna. stem of, .518. 
Drupe, 141. 

Duets dotted or pitied, 
504. 

Dunics, 34. .30. 

Duriiineii, 522. 

Duration of calyx, 102. 
— of loaves, 61. 

of plants, 547. 

Elaboration of focal, 571. 
Elasticity of tissues, <>2(). 
Elutors of Equisetuin, 
415. 

of Liverworts, 425. 

Elcmeiifeiry organs. '69. 
EicMiieiits, eboiiii^il, 558. 
Elliptical. 53. 
Eiiiargiuate, 55, 115. 
Embryo, 15, 131, 148, 
lol. 

ofCryptnggmin.,507. 

Embrvo-cells, formation 

of, oUS. 

Embryo-sac, 131, 601, 

, secondary, 608. 

Enibryogciiy of Angio- 
spermia, 610. 

of Oymnospermia, 

608. 

Emergence, 94. 

Enation, 88. 

Eiidliclier’s System, 192, 
Endocarp, lt‘J3. 
Eiidopleura, 149,. 
Endosmose, 56J3. 
Endosperm, 15<.), 151. 
Endosperm-cells, forma- 
tion of, 5,37. 
Endostome, 130; 
Endothocipu), 530. 
Ensiform, 53. 

Entire leaves, 51, 55. 
— • sopals, 100. 
Epibalj;iC, 98. 

Epioarp, 133. 


Ej)idcrinis, ,508. 

, development of, 527. 

, pit^d, 485. 

Epigone, 424. 

Epigynouvrj 95. 

Epi[>liyle8, 20. 
Equisetaeojc, morphology 
of, 415. 

, reproduction of, 

581. 

, stems of, 516. 

Eqiiiiunt, 71. 

Erect, 37. 

ovule, 129. 

Essential eliaraeters, 176. 

oils, 498. 

organs, 90. 

of flowers, 1 12. 

Elivrio. 141. 

Etiolation of plants, 572. 
Evaporation ori1uids,566. • 
KvergrtHMi leaves, 6J. 

plants, 54s. 

Evolution of carbonic 
acid, 572. 

of beat, 622. 

of iiilrogon. 572. 

of oxygen, 571. 

Exalbum inous, 150. 
ExcHmtric embryo, 1 53. 
Kxeresc^ent. 83. 

Excretion of air, 576. 

f>f water, .576. 

Exendospernious, 151. 
Exostome, 130. 

Exserted, 118. 

Exsiipidate, 48. 
Extra-axillary, 82. 
Extrorsc, 119. 

Face of antlicr, 1 14. 

Fall of the leaf, 529. 
Families of cells, ,500, 
Farinaceoiisciidospcrm or 
albumen, 151. 
Fasciation, 82. 

Fasciculate leaves, 44. 

roots, 19. 

Fasciculus, 80. 

Faux, 101. 
rVivellffi, 433i .594. 

Felted tissue,' 502. 

Female flowers^ 90. 
Fenestrate, 144. 
Fermentation, 574. 
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Ferns, morpliolojwy of, 41 G. 

; rcppotliid i(m oJ’,r)!i<l . 

— , steins of, f>Ui. 
Fertile flowers? 00, 
Fertilizsit ion, iilicnonicna 
of, 014. • 

, cross, 015. 

, self-, 014. ‘ 

Fertilization of ovules, 
007, 00?^, oiri. 

Fibi*e, ]iriinitive, 470. 

, woody, 50 1 . 

Fibrin a*, I*). • 

Fibrils of roots, 527. 
Fibros(», 4s7., 

Fibrous cells, 4i^n. 
.Fibrous l:iyer of Mono- 
cotyledons, 517. 
Fibrous roots, JO. 
Fibro-vascular bundles, 

system, 500. 

Fiiamenl, I Kl. 

F'iliforni, 1 l.‘J. 

cells, 47*‘l. 

Filiform sr^menls, 5S, 
Fissi jKirous rt'jwoduelion, 
.500. 

Fistular stcuns, ^17. 

Fixed oils, 407. 

Flexu(»us, J17. 

Float ing. .‘IS, (11. 

Floecoso, 5*2. 

Floral envelojies, OS. 

orgsins, struct ure of, 

52t». 


Florets, 7S, lOfi. 

Flower. 8.‘1. 

Flower-bud, 72. 

Flowers, “doubling” of, 


J5S. 

- — , essential tirgans of, 
112 . 


, part s of, 85. 

Fluids, dilTusion of, 554. 

, cva]io rat ion of, 500. 

Fluitans, OS. 

Folded embryo, 152. 
Foliaccous cotvledjL'iis, 
152. 

Ijeduncle, 82. 

Foliobi, .581- 
•Follicle, 141. 

Food, elalK)ration of, 571. 
- of plants, 558. 


Foramen, 120. . 

Forces, T)bvsiologie.al, 
542. 

Form of cells, 472. 

Form at ions, iloras of, 5 r2. 
Fossil floras, 072. 

])lnnts, 070. 

Fossils, kinds of, 070. 
Frets 05. 

b'ree-ct'll formation, 551, 
5;i4. 

central placenta, J 'Jo. 

fruits, 1.57. 

stipules, 40. * 

Frill t s, eba raelers o > I . 

, classification o 17. 

, ilebiseeiiei^ of, . 1. 

iiionotlialamie, Jo8. 

polytlialaniie, 140. 

bVulex, 50. 

Frutieuliis, 50. 

Fueaee;e, reproduction of, 
580. 

Fungi, 445, 580. 

, moi*i)liology of, ‘115. 

reprotluet ion of, 

•5Mf. 

Funiculus, 120, 148. 
Furfunu.it»mis, 02. 
Furrowed, .‘IS. 

Fusiform trells, 473. 

r<»o4, 18. * 

Oalbuliis, 148. 

(laleate, l<M>. 
(iamosopalous, 05, 100. 
Clclatiiious coat of cells, 

47t>. 

Geminate, 40.. 

Gemime, 581. 

Geminat ion, .5.5.*}. 

Genera, names of, 100, 
105. 

, nature of, 1.50, 101. 

Generation, spontaneous, 
514. 

Generic character, 170. 
Genus, nature of, 1.50, 
177. . • 

Geograi>liieal botany, 042. 
Gcologiiral botany, 070. 
^influences on distri- 
bution, 0.30. • 

Geology, botanical, 070. 


Oemiinal corpuscles, 008, 
Oil. 

Gern'iinati 
Gibbons, 102. 

petals, 

Glabreseen". (iL. 

Glabrous, 50, 02. 

Glands, t)2, OO, 513. 
Glandhlar filaments, 1 14. 
(ilans, 14.5. 

G leba, 440. 

Globose cyme, 80. 

G lobule of ( 3i:irnccte, .500. 
G lomeruliis, 80. 

Glume, 110. 

Gliimella, 110. 
Glutinous, 02. 

Gonidia. 1.54. 

Gonopliore, 07. 

Grafting, .585. 

Grannlose, 40.5. 

Growing points, .5.38. 
Growth of Dicotyledons, 
523. 

Gum, 407. 

, exudation of, 570. 

Guita pci clia, 578. 
Gyinnosperinin, 10, 15. 

, carpels of, ^28. 

, enibryogeny of,008. 

, ovules of. 008. 

— ptdlen of, (iOO. 

, stamcTiB Qf, 117. 

Gymnosjiorje, 10. • 
Gyn;eeium, 115. 
Gynandrous, 0.5, 110. 
Gynandn»]»boro, 07- 
Gynobasic. 120. » 

Gynophore, 97. 

Habit of ]>lants, .547. 
Jlnbitst, 180. 

Hairs, 510. 

Ilalf-equitant, 71. 
Hastate, .53. 

Haulm, 34. 

Heart -wood, 62.3. 

Heat of jdants, 022. 
Hepatieie, morpholo||y of, 
425. 

, reproduction of.680, 

597. • . 

Hcrhiceous sfems, 32. 
Herbarium, 4. 
TTf»<nftridiiini. 146. 
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ffeterogony, r>45. 
Eletcrostylia, (U(S. 
fleterotropous, liJO. 
Elilum, IW). 149. 

Hirsute, ;19, G2. 

Hispid, (i2. 

Hooked embryo, *152. 
Horizontal ovule, 129. 
Horny endosperm 'or al- 
bumen, ir>l. 
Flumifasus, 38. 

Hum us, 560. 
Hybridization, 617, 618. 
Hybrids, 159, 169. 

— . — from grafting, 584, 
587, 621. 

— , names of, l(i9. 
Ilydrophyta, 10. 
Ilypocotylodonary axis, 

Ilypocrntoriform, 105. 
Ilypogynoas, 94. 

scales, 111. 

Ilysterophyta, 10,4-13. 

Imbibition, 626. 
Jmbrieate buds, 70. 

— ^ — .‘estivation, 99. 

lojfves, 44. 

Imbrieati VO oesti vation,99. 
Imparl])innate, 50, 
Imperfeet flowers, 90,1 12. 
Impressions of plants, 670. 
Inarching, 585. 

Inciseil, 56. 

Included, 118. 
Incomplete, 90, 112. 
Incumbent cotyledons, 
152. 

Indefinite bulbs, 27. 

inflorescence, 74. 

indupb'eate, 71. 
Indusium, 419. 

Inferior, 95. 

fruits, 1.37. 

- ovary, 122. 

Infiated, 102. 

petioles, 63. 

Infloroscenoe, 24, 72. 

extra-axillary, 82. 

Infratescence, 147. 
Infijndibuliform, 101,105. 
Innate antlier, 114. 
Insertion, 46. 

of floral orgi^, 45. 


Integuments of ovule, 129. 
Intogiimentum externum, 

• i:io. 

internum, 12i). 

Intercellular passages, 
512. 

Internal anatomy, 515. 
Iiiternodt^, 22. 
Tntcrpetiolar stipules, 50. 
Inlerriiptedly ]>innate,59. 
Tnirapetiolnr stipules, 50. 
Introrse, 119. 

Inidiiic, 496. 

Involiu^el, 74. 

( Jungcrmanniacenc), 

424. 

luvoliKTe, 74. 

( J ungcrmanniaceic), 

424. 

Involute, 72. 

Iodine test for starch, 49. >. 
Irregular calyx, 10 1. 

corolla. 105. 

perianth, 108. 

Irregularity', 88, 95, 104. 
Irritability, 02(>. 
Isomerous, 91. 
Isostcinonous, 117. 

Jointed, 38. 

Juga, .50. 

Jussiouan System, 190. 
Keel, 10.5. 

Kingdom, Vegetable, 104. 
Knots of Jlicoiylodons, 
523. 

Labellum, 109. 

Labiate, 1(17. 

Laciniate, 57. 

Lacimfc, 512. 

La3vis. 39. 

Lamina. 46. 

of leaf, 51. 

of petid, 103.- 

Lanate,.39, (>2. 
Lanceolate, 53. 
liateral embryo, 153. 

stylo, 127. . 

Latex, »578. 

Laticiferous canals, 514. 
Lattice-nerved, 52. ■- 
Laws - of development, 
545 . . 

Layers, 


Laving. 583. 

Le^f, 39. 

fall of, 529. 

Lmf-biid, 66. 

Leaflets, 51 . 58. 
Leaf-region, 24, 31 . 

scale-region, 23, 25. 

sh#»ath, 48. 

stalk, 46. 

Leaves, absorption by, 
5tl4. 

, arrangement of, 39. 

, development of, 

540. 

, forms of, 52. 

, modifications of, 62. 

, strueturo of, 528. 

, veins of, 529. 

Legume, 141, 

Lepidotus. 62. 

Taber. (K)l, 523. 
Lil)er-cell8, 501. 
Liber-rc?gion, 506, .520. 
LiHieiis, moritliology of, 
441 . 

, reproduction of, 

589. 

Life of ])lantB, 468, ,542. 
Ijight, action of, 571 . 

, influence of, 571. 

Ligiilatt* corollas, 105. 
Ligule, 50. 

Liliaceous corolla, KH. 
Limb of calyx, 101. 

of corolla, 105. 

of petal, 103. 

Lindley's System, 193. 

J linear, .53. 
Linear-lanceolate, 54. 
Linmran Svstem, 182. 
Lirell;c, 442. 

Liverworts, morphology 
of, 425. 

, reproduction of, 

597. 

Lobed leaves, 56. 

Lobes, 61. 

of anther, 114, 116. 

of calyx, 101. 

Loculi of anthers, 116. 

of ovaries, 12.3. 

Loculicidal, 135. 

Loensta, spikelet of a 
grass, 110. 

Lo^culic, 111. 



GENERAL AED GL0S}«A1)i>TAL INDEX. V(J5 


Porous cells, 480. 

deliiscence of ai»- 

tliers, 117, 

-* of iruit, 134. 

Postvcutit ious bulbs, 27. 
Pni-(1(irut ion^.)S. 
Pni'folialion, 70. 
Pra'VimlitiouH bulbs, 27. 
Priinary Tueinbrauo, 477. 
Priiuiiu?, 130, IfKKGIl. 
Primitive fibre, 470. 
Primordial utricle, 480. 
Prisiimtic- cells, 474. 

pareucliyma, otK). 

Processes, physiological, 

r»o0. 

Procumbent, 38. 
I’rogressivc vascular bun- 
dles, hOS. 

Prcipagation, 082. 
Prosencliyina, .500, .501. 
Prostrate, 38. 
Protaudrous, 015. 

1 *r( >leiiiaceous mat tors, 
575. 

Proihalliuiti, (UH). 
ProthalhiH, 410, .502. 
Protogjuous, 015.' 
Protoneina, 0(K). 
Protopksin, 480. 

— inoveiueiits of, 551 . 
Pnuno.se, 02. 

I’libcseent. 02. 

Pidviiius, 40. 

Putanien, 133. 

Pyxis, 143. 

Quadrilocidar antlier, 1 10. 
Quaternary flowei’s, 87. 
Quinary flowers, 87. 
Quinate, (U). 

Quinciincial. 11. 

fcstivutioTi, 90. 

IbiceTnc, f(i. 

Haecs, nat ure of, 150. 
Kachis, 1 10. 

Kadiant florets, 70. 
Kadiate, 127. 

Eadi«d leaves, 4.5. 
Badicle, 15, 10, 1.52. 
Padix multioops, 33. 
Bnmal leaves, 40. 
Hamification, 07. 
Pamosissimus, 39. 


Bapbe,130. 

Ka))l lidos, 400. 

Ray, 70. 

Rays, medullary ,.520, .523. 
Receptacle, of flowers, 04; 
9(i. 

, anatomy of, .530. 

, coDimuii, 78. 

tFucaeeie), 108. 

(Fungi), 171. 

Reepiitucular tube, 05, 

101 . 

Recliiiate, 71. 
Redupliwite, 00. * 
Bc‘fU“xed iHjriaiiili, 108. 

sepals. 101. 

R(*gions of altitude, 045. 
Kegiiia, 14.3. 

Regular calyx, 101. 

corolla, J04. 

flower, 88. 

Rcniforiii, 5.3. 

J{c]):iiid. 50. 

Ke'])Ciis. 38. 

Ilc'plum, 125. 
Rcfiri'k'utalivc .species, 

* 0 . 37 . 

Eej m >d uet ion, sexual, 
.587. 

, vi'getalive; 570. 

of Algie, .5HV».^ 

Angiospoi:a*, 505. 

C’onfervoidea*, .501. 

— - Diatonisujoa', .5tK). 

I*’qui8etacea*,, 581 . 

Fi*riis, .581. 

lujaecfc, ;)80. 

Fungi, 580. 

Ifepaticos, .580, 507. 

— - ] aelumS, 580. 

TVlarsileacca*, 002. 

HI oSHCS, 58(1, 507. 

— - Pluinerogamia, 581, 
(M)4. 

8|iorogamia, 002. 

Thallogamia, 000, 

Tliullopliyta, .580, 

Rt^servoirs for secretioihs, 
514.. • 

Resiihs secretion of, 577. 
Rt'spirati on •f plants, 573. 
Re}fliug-spore, 540, 503. 
llesupifiato ovule * 
Plumbaginacem)^ 129. 
Reticulated 484. 


Reticulated vessels, 504. 
•Retime 111 wm, 120. 

Ret rbser rate, 5(). 

‘Ret lien, 55. 

Reversion, (120. 

Revoiiitc, 72. 
Rhizoim‘, 21, 25, 30. 

Rl \ izotaxy (in* raiigeracnt 
ofv>‘>U), 17 ,, 

RlamibiiidiiL, 53. 

Ribs. 51, ;520. 

Ribbed, .38. 

Rind of Monocotyledons, 
518. 

Ringent, ]ft7. 

Kinging of tiems, 570. 
Roots, i(>. 

, adventitious, 18. 

, airiul, 10. 

, axial, 17. 

, buds on, 21. 

, development of, 

530. 

, dirwiion of, 530. 

, fibrils of, 19. 

, selecting power of, 

50.3. 

, slriicl uro of, 524. 

, tuberous,*] 7, ,527. 

Root-stock, 21, 25, .*10. 
Rosaceous corolla, 104. 
RosulaU*, -14. 

Rotate corolla, ] 05. ^ 

Rotiitioii of ce'll-sap, 5.51, 
Ruminated eiidospcrui or 
ulbiiinen, 151. 
Ruiicinatc. 57. 

Runners, 33. 

Siiceatc, 102. 

petals, 104. 

Sagittal'*, 53. 

Samara, 143. 

Sap, ascent of, 505. 

, crude, 505. 

, descent of, 500. 

, cluliorated, 509^.570. 

Sap-wood, .52.3. 
Sapiridacea;, stGmBtf>f,521. 
Sarcocur]), 133. 

Scabrous, 02., 

Sculariform cells,^ 

vcsselsi 504. 

Scales, 70, 510: • 

"of corollas, Iwl. 
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Scaly, G2. 

bulb, 26. 

. Scandeiis, 38. 

6 ca])e, 73. 

Scattered, 40. * 
Scbizocarp, 13.'). 
Scorpioid cyme, 80. 
Screw-Pines*, 21. 

Scurfy, (J2. 

Scutellaj, 442. 

Secondary layers, 479. 

spiral, 42. 

Secretion, oTo. 

Secretions, winals for, ,51 4. 

, reservoirs for, 514. 

Secretory syslem, .513. 
Secundinc, I.'IU, l.'K), (>11. 
Seeds, characters of, 148. 

, vitalily of, .>16. 

Segments, (>1. 

Selecting power of roots, 
50,1. 

Sensitive plants, G28. 
Sepaloid perianth, 109. 
Sepals, 100. 

Sciita of cells, 475. 
St^pteiuilc, 60. 

Stptioidal, 135. 
Sejitifrag,:!, 134. 

Septum of antliers, 116. 

i of fruits, 132. 

Soricev,u.s, ()2. 

,J^.;ri’alc, .’> 6 . 

Sessile, .47,' 54. 

llower, 73. 

leaves, 47. 

stamen, 113. 

stigniji, 120 , 126. 

^Scla^of Mu.sscb &c., 420. 
Setic, 62. 

‘48etose, 39, 62. 

Sexual reproduction, 587. 
Silica, excretion of, 578. 
Siliceous d(»])osils, 487. 
Silicula, 144. 

Siliqua, 144. 

Sinfrjle fruits, 140. 

— 7 - leaf, 51. 

— ^^pistils, 122. 
Simultaneous vasculstr 
bun^lles, 507. 
Sii^i^lp'drse, 100. 

Sinu’^o, 57 . • 

Siuu „ lOl. 

^ Size Sf cells, 476. * 


li^eleton of plants, 487. 
Sleep of plants, G2G. 
Slips, 583. 

Solitary Gowers, 73. 

Sori of Alga*, 4iU. 

of Ferns, 416. 

Sorosis. 147. 

Sjjadix, 76. 

Spaihe, 74 . 

Spathubte, 53, 55. 
SiKJcial reeeptacle(Fungi), 
171. 

Species, names of, 159, 
164,166. 

, luUiire of, 1.5G. 

, origin of, 161. 

, representative, 637. 

SjK'cifie character, 1 77. 
Spectrum, r.iys ol‘, 571. 
Spi.*rmalia, 4;Ki, .580. 
Spermalozoids, 5.53. 

of Alguj, 4Jjl. 

Sperm-eel Is, OiK). 
Sponnocarpia, 10. 
Spcpiiiogoiiia, 442. 
S})halero(*arpum, 141.* 
SpheiHjidal cells, 472. 
S])ike, 76. 

Spikelet, 76, 110. 

Spines, 62, 65, 610. 

(^leaf), 55. 

Spino.so-8crrate, 56. 
Spinosiis, 39. 

Spinous, 62. 

Spiral embryo, 1.52. 

fibrous tsells, 48.3. 

growth, 629. 

(leaves), 41 . 

— r— structure of mem- 
brane, 477 . 

vessels, .502. 

SporigioloB, 527. 
Spontaneous generation, 
544. 

Sporanges, 1.54, 410. 
Spores, 154. 

, resting, 59.3. 

— vitality of, 546. 
Sporo-fruite, 411. , 
Spore-sacs of Algol, 431. 
Sporocarpiay 10. 
Sporocarps, 411. ‘ 

Sjibrogumia, 10, 602. 
Sports, 620. 

Spur, 


Sx)uriouB dissepiments, 

Spurred jjetals, 104. 
Stalked seizes, 62. 
Stamens, characters of, 
113. 

, compound, 1 14, 119, 

541. • 

of Gymno8i)ermia, 

117. 

Shiminifcroiis, 00. 
Stuniiiiode, 113. 
Standard, 105. 

Starch, 48.5, 570. 
SLiu'ch-granidcs, 494. 

, test for, 495. 

Statistics of vegetation, 
667. 

Stellate cells, 474. 

Stems, 21. 

, anatomy of, 515. 

, dcvc'lopiucnt of, 

538. 

Sterile flowers, *,)0. 
Stichidium, 431. 

Stigma, 120. 

Stigmas, characters of, 
126. 

St igmata bieruria, 127. 
Stigimitic surface, 121. 
Slings, 62, 513. 

Stipels, .50. 

Sii]»itaU*, 97. 

St ipules, 46, 48,49,51. 
Sfi|)u]ule, 48. 

Stock, 35. 

Stomata, 508. 

, development of, 537. 

Straight em bryo, 152. 
Striate, 39. 

St rictus, 37. 

Strobile, 76. 

Strobilus, 148. 

Stroma, 445. ^ 
Stropbiulcs, 1;%. 
Structure of fiowors, 86. 

of leaves, 528. 

of ])ctiolc6, 529. 

of plants, 408. 

of roots, 524. 

of stems, 515. 

Style, 120. 

, characters of, 126. 

, structure of, 530. 

Stylospores, 445. 
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Suberou^ layer, 520, 5i?4. 
Submerged learen, 01. 

5a>. * 

Suborders, 170. 
Subrotund, 53.. 

Siibstil ulion, 07- 
Subulate, 53, Tl4. 
Sueculcnt, 61. 

Sugar, 485, 407. 

, HccretioTi of, 576. 

Superior, 05. 

fruits, 137. 

ovary, li}3. 

Suppression, tK), 01. 
Supradecoiiiposito, 5S. 
SurliuH's of leaves, .51 , 01. 
Suspi'iidcd ovule, 120. 
Suspciisor, 008. 

Sutural dehiscence, 117, 

i;u. 

Sutures of anther, 114. 

, dorsal, 121. 

, ventral, 121. 

S>eouus, 147. 

Syinnietrical flower, 88. 
Syncarpium, 142. 
SVnearpous fruits, 137. 

— ' — pistil, 122. 
Syngencsious, 04, 110, 
Synonyms. 1(>7. 

Sy stein, Horial, 512. 

~ — , cellular, 505. 

, a rticaJ, 508. 

— , libro-A UBcular, 50G. 

, secretory, 5J.‘l. 

Systematic botany, 155. 
System of llenliiaiii and 
%Hnokcr, 104. 

of lie Candolle, 102. 

of ICiidliclier, 102, 

of J'tssiou, IVKl. 

■ ■■ ■" of Liiullcy, 103. 

of linnseus. lt<2. 

Systems, artifleial, 181. 

, natural, 18(i. 

— — of dassilicalion, 181. 

Tabular colls, 472. 

parenchyma, 500. 

Tannin, 570. 

Tap-root, 17. 

Teeth of calyx, 101. 
Tcgmen, 120j 140. 
Tegmenta, 60. 

Te& contexta, 502. 


Tenipemture of plants, 

Tendrils, 63. 

Teratology, 83. 

OVrete, 38. 

Terminal buds, 22, 66. 

inflorcsecn^^e, 72. 

Ternary compounds, 573. 

flowers, 87. 

Tcrnate, 60. 
Tcrnato-piniial4‘. 60. 
d’ertiaiy las ers, 48.5. 
Testa, 130, 140. 

^J’ests, 404. 
Telradyiiamous 118. 
Tetrainerous flon iTs, 87. 
Tetrasporch, 580, 580. 
Texture nf leaves, 61. 
Tlmlaniiflora], 05. 
Thalamus, 85, 07, 5.30. 
Thallog:in lia, 1 0, 4 1 4. 

, reproduction of, 000. 

Tliallopliyta, 21, 154. 

, morphology of, 

427. 

,reproduc*tion of, 

580 . 

J’hallus, 154,427. 

33uH*ic, 154. 

'J’horns, 6.5, 510, 

Tliroai of calyx, 101. 

of cx>roll»,, 1U5. 

I’hyrse, 7t. 

Tigel him (hypocoty Icdo- 
imry axis). 22. 

Tissue, conducting, 530. 

, f(4(ed, 502. 

— kinds of, 400. 

, vascular, 471, 502. 

Tonientose, 62.. 

Torus, 07, 112. 
Transpinitioii, 566. 
Transport of plants, 635. 
35’iudcl})hous, 110. 
Triundryus, 117. 
Triangular, 38, 53. 

Tribes, 170. 

Trichogyne, 433, 5^, 503. 
Trigonous, • 
Triuicrouk flowers, 87. 
Trimorphism, 615. 
Tripiiviato, 60.* 
Trininiiatifid, 58, 
Trij^motisect, 58C 
TripXrnervcd, ^ • 


Triquetrous, 38. 
Tristichbiis, 40. 

Trunk,’ ;14. 

Try Ilia, 145. 

Tube of calyx. 07, 101. 

of corolla, 1 05. 

, rec()ptacular, 05. 

Tubers, stem-, ,20. 
Tuberous roots, 17, 527 
Tubular, 10 1, IfTi. 
Tiinicatcd bulb, 26. 
Turbinate, lUl. 

Turio, ;k3. 

Twilling, 38. 

Typical flower, 88. 

Cmbel, 77. 

t!mbollule, 77. 

Ihiibilicul cord, 120. 
Undiilatied, 56. 

Unguis, J(.K3. 

Unijiigatt*, 50. 

Unilocular anibor, 110. 

ovary. 123. 

UniBcxiitil', 00, 112. 
T^r<!eolate, JOl. 

Utricles, ()t3. 

, jirimordial, 480. 

Utrieulus, 1 12, 141. 

of (,'urcx, lr2. 

Uva, 145. 

Vagina, 46, 40. 

Vaginule of Mosses, 42lS 
500. 

Valvatc, 70. 

a'stivalioii, 00. 

Valves of fruits, 1.‘14. 
Valvular (sutural) de- 
hiscence of antlier, 1 ! 

of fruits, 13?r* 

Varieties, 158. 

, names of, 168. 

, nature of, 157. 

Vasa propria, 502, 505. 
Vascular tissue, *500, 602. 
Vusculo.se, 487. - 

Vegetable, definition 
542. ^ » ■ 

Kingd^, 10. 

, systematic 

view of, 194. 

Veptation, clfoipiBtiji 

, physiology of, ^ 
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Vegetation, statiestics of, Ycxillum, 105. 

007. • ViUous, (»2. 

, zones of, 64l..* 


Vegetative multiplication, 
571). 

Veins, 51. 

of loaves, 521). 

Velauien radicuui, 51 1. 
Vejmtion of leav^,^pl. 
Vernation, 70. . 

Versatile antlicr, 114. 
Vertidllaster, 81. 
Verticillate, 40. 

"Vessels,. 502. 

, development of,5,‘17. 

, laticiferuns, 514. 

Vexillary seslivatioii, 09. 


V iivpgar-plant, «>55. 
Viseous, 62. 

Visouiii, epidermis of 
■ 511. 

Vital force, 542. 
Vitality of seeds and 
spores, 546. 

Vt>l/it.ile 577. 
Volubilis, 38. 

Wax, excretion of, 578. 
Wborled, 40. 

Winged, 3S, 49. 

Wings, 105. 
Winter-buds, 70. 


I'HR END. 


nwEx. 

• 

W ood of Dicotyledons. 
520. 

Wood-region, 506. 
Woody fibre, 501. 

Xaiitbo-jirotoin, 494. 

Yeast-piant, 554. 

Yew, wood-cells of, 485. 
Yucca, stem of, 518. 

Zones of vegetation, G32, 
641. 

Zoos]K>res, 552, 590. 

, development of, 
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Marex'seent (!»lyx, lO.*). 
Margins of leaves, 55. 
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, reproduction of, 
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Monocoiyledones, 10,14. 

, roots of, .524. 
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Monoelinous, 015. 
Monoceioiis, 90. 
Monojietalons, 9.3, 103. 
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N uclftUH of (vlls, 491 . 

of ovule, 1^9. 
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Nucule of Cliaracesr, 590. 
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521. 

Obeordale, .53. 
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Oluivato, .53. 

Obt use, .55. 

Obvolute, 71. 


Medulla, 523. 
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slicatli, .53f). 

Megsispores, 002, 
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Membrane of cells, com- 
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. poro.sity of,* 477. 

Membranous, 01. 
Merencbyma, .500. 
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Metamorphosed leaves, 
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Methods of study, 3. 
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Multiplication, 88, ,579’. 
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— — structure, 544. 
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Organs, 4(W. 
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flower, 90. 

Nai»iform root, 18. 
Natant, 01. 

Natural classification, 180. 

families, 1(50. 

Navicular, 104. 

Notary, 104. 

Notaries, 108. . . 

Nefcnturo of leavos, 51. 
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development of,,540. 

, elementary, 409. 

•, essential, IMJ. 

• , internal anatomfof,' 
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Organs of Flowerififf ‘ 
plants, 11. 
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OrthotropouB, 130."' 
Osmose, 502.* 
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Ovato-lanccolatA, 7>4. 
Overhanring, 38. ‘ 

Ovule, 120. 

, cbaraciers of, 128. 

* — development of,r)4:l.‘ 
— ; — , of Angiosporms, 
610. 

— , of OymnusporinB, 
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^ of Pbaucrogamia, 

607. 

Oxygen, evolution of. 571. 
O' jne, action of, .jOl. 

Palate, 107. 

Pa'es, 74, 110. 

of cayutula, 78. . 

Palmate, 60. 

^alniifid, 57. 
Palminerved, 52. 
Palmiparlito, 57. 
Palmipiiinnte, 61, 
‘P^mi-soct, 57. 
fPa-nicle, 76. 

Paper, botanical, 4. 
...Fap{iiorjacoou.s corolla, 
105. 

Pappus. 102. 
Paracollulose, 487. 
Pajrallel-tierved, 51. 
Pavoncliyina, 500. 

Parietal placentas, 124. 

- Paripinnate, 59. 

rtial ])eUole, 48, 58. 
•'assagcB, interccllU ‘\nr , 

',>atell®, 442. 
latent, 31).. 
iPe(k»e, fVt) 

*•» .r|7. 

euuiipartite, .57. 
PSflatisect, 57. 

Pedicel, C3. 

Peduncle, 73. 

, foliaccouR, 82. 

Peltee,* 442. 

Peli^ate, 55. 

; anthers, 117. 

— ^ stigma, 127. 
Pend^it, 38. 

Pendulous, 39. 

— ;• - "vulo, l2D. 

Hllate stigmas, 127. 
Pen: • ierved, 62, 
'delphous,’il9* 


PehtameremB flowers, 87. 
Pehiasticlious, 41. 

Pepo. 147. 

Perennial ]ylnnt8, 547. 

stems, 

I*erfect flowers, 90, 112. 
Perfoliate, 55. 

Perforated cells, 482. 
Perianth, 98. 

, chariu'tcrs of, 108. 

of Grasses, 110. 

— of Jungermuimiaccje, 
424. 

Pericarp. l.*5.3. 

I*erieh«rtial leaves, 421, 
424. 

Periehivlinm, 424. 
Periderm, 524. 

Peridium, 416. 

Perigoiic, 98. 

(J ungermanniacoif), 

424. 

Porigouial leaves, 424. 
I’erigy Ilium, 112. 
Perigynous, 1)4, 9.5. 
Pcrioilieify in jilants, r47. 
Pcriplierical embryo, 153. 
Perisperm, 151. 
Peristome, 421. 

Pt^v-thecia, 442, 445, 

P tent, ici, 108. 

— calyx, 102. , 

corolla, 108. 

Personate, 107. 

Petals, lo:.i. 

strap-like, 104. 

Petaloid, 104. 

filament, 114. 

- — perianth, 108. 
Petiole, 4(t;.48, 148. 

, struct lire of, 529, 

Petiolulc, 58. 

Petrified p^nts, 670, 
Phonorogamia, 10. 

, reproduction pf,604. 

Pliyllaries, 74. 
PhvllocYanine, 493. 
PhyllocJes, 47, 48. 
Pliylloclio, 62 
Phyllotaxy, 40. 

of flowers, 86. 

Phylloxantiiine, 493, ^ 
Physiplogictil fopcoB, 5j^. 

— processes, 550. ' 
Phyftolo|a;,468. . 


Pileorhua, 525. 

Pilpse, 39. 62. 

Pinna?, 58, 61, 

Pinnate, 58. 

Pinnatifid, 56. 
Pinnatipartite, 56. 
Pinnatisect, .^6. 

Pinnules, 61. 
Pistilliferous, 90. 

Pistils, characters of, 120. 
— structure of, 530. 
Pitcher-plants, 63. 
Pitchers, 63.. 

Pith of Dicotyledons, 520, 
523. 

Pits of cell-membrane, 

• 479. 

Pitted cells, 480. 

ducts, 504. 

epidermal cells, 485. 

Pliujenta, 121, 124. 
Placentoids. 5.*K). 

Plaited aestivation, 99. 
I*lant8.de.stTiplion of,l 70. 

, distribution of, 63 

, food of. 558. 

, fossil, 670. 

, life of, 468. 

, skeleton of, 487. 

Plicate, 71. 

Plicate :vBtivatioii, 99. 
Plumule, 15, 66, 122, 152. 
Podosporm, 12t). 
Pollarding, 581. 

Pollen. 113,114,119,605. 

of Gymnospcrniia, 

606. 

Pollen-ninsBes, 119, 605. 
Pollen-tubt?8, 607, 612. 
Pollinia, 120, 005. > 

Polyadelphous, 119. 
Polyandrous, 117. 
Polycotyledonous, 152. 
Polygamous, 90. 
Polygonal ccIIl, 474. 
i*olypctalous, 93, 103. 
— ^ corollas, 104. 
Polyphyllous, 108. 
PolysejmlouB, 93, KX). 

cdl^, 100. 

Poly thalamic, 137. 
Pomum, 147. • 

Pores, 136. 

Porosity of membrane, 
477. 






